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Description   of  EouiFBenl 

•  N'stursl   Power   J.nc»»   Nev  Boston?   N'bu  HsrnPshiref   rosnufactured  the  all   three 
types  of  data  recorders  used  to  Esther  the  wind  data.     Two  of  three  data 
recorders  were  strip  chart  recorders.     The  third  type  of  recorder  is  called  a 
wind   SPectrujJi  analyzer  or  coRPilator, 

Both  types  of  strip  chart  recorders  are  essentially  identical.     The  only 
difference  being  that  one  model  recorded  wind  speed  as  well  as  direction  (3  dual 
channel  recorder)  while  the  other  recorded  only  wind  speed  (single  channel 
recorder).  Each  oonitorinS  system  is  composed  of  a  data  recorderi   a  4--pole  cup 
snen.DteterT  direction  sensor  (only  dual  channel  recorder  systens)?  3  12-vQlt  wet 
cell   autor.obile  battery^  and  ail  the  cable  needed  to  connect  the  sensorCs)  to 
the   recorder?    the  recorder   to  the  battery  and  the  entire  system  to  a  grounding 
sIoKp.     CoispletinS  the  systeni  is  an   instrument  shelter   and  a  lO-Hieter   tower 
with  Bcuntins  bracKet»   guy  wires  and  staKes. 

The  operating  specifications  for   the  strip  chart  recorders  sret 
TetPerature  ranget  32  to  160  degrees  F. 

Recorder   setert   +  or   -   1%  --^ 

Recorder   chart  speedt  +  or  -  5%  ■  I  "",'"■  ■:",  ..--.-;..  ■■- 

Response  tir»et  5  seconds  to  full  scale      ,-  .  ,•  '.       -:rr'~.:^X    -.•  ■-"  . 

The  strip  chart  recorders  record  a  wind  speed  reading  every  two  seconds  by 
csKing  a  ssrK   on   the  strip  chart.     To  caKe  the  i7i3rK.»   an   iispact  bar  striKes   the 
top   side  of  the  meter  needle?  which  then   touches  pressure-sensitive  paper  (a 
'strip  chart")  moving  slowly  beneath  the  needle.     These  dots  accumulate  on   the 
Eoving  paper  forislng  3  graph  of  the  wind  speed.  _  . 

The  compilator  system?   includes!   a  Series  A30  low-temperature  data 
CDC.Pilstor  ("Compilator   I")?  a  model  A75-104  four-pole  cup  aner-cmeter}  3  12- 
volt  wet  cell  automobile  battery?  snd  the  cables  needed  to  connect  ihe  sensor  to 
the  Cospilator?   the  CoBpilator   to  the  battery  and  the  entire  system  to  a 
grounding  stsKe.     Completing  this  system  is  an  instrument  shelter  and  a  10- 

Beter  tower  with  mounting  bracket?  guy  wires  and  slaKes.  ..::■.:_:;      •.;.;,       ••  -     '•■ 

.'    '      i 

The  operating  specifications  for   the  Series  A30  Compilator  I  aret 

Temperature  ranget  -40  to  70  degrees  C.  --.■■••  ^;_i.-.  ..-    --.-■..—  _■•..  "•   •■;-■•■'.  - 

Recorder   accuracy  t  +  or   -  IZ  ..■•:.;'.■■  T        "•  "    ■.:,■■'/  '  '.':."" 

CcFiPi later  clocKt  +  or  -  15  minutes/month 
Response   timet  1  second 

The  Compilator  I  separates  wind  speeds  of  0  to  62  MPH  into  thirty-one 
discrete   incre&ents  of  2  MPH  each  (speeds  of  62.MPH  or  core  are  grouped  together 
into   the   thirty-second  increment)  then  counts  and  stores  the  number  of  seconds 
the   wind  speed  is  blowing  in  each  increment.     Periodically?   the  site  owner 
copies  the  stored   information   froR  3  digital  display   in   the  front  panel   onto  z 
data   log  and  erases  the  compilator  memory  so  it  can   sccumuUte  fresh  data. 

The   operating  specifications  for   the  model   A75-301   direction   sensor   aret 
Temperature  range?  -55  to  170  degrees  F 
Resolution!   45  degrees 
r.aximua  wind  speed!  150  MPH  '• 

The  operating  specifications  for   the  model  A75-104  anemometer  ar&t 
liind  velocity  range!  3-150  ttPH  -   -  -  ' 
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Terrersiure  rsr.ge  -60  lo  200  decrees  F. 

The  Ic'-er  is  5  lO-rr.slEr  Radio  ShscK  ieiescnpir.S  TV  snlsrins  rssI  ir-sde  of 
^slvcnized  steel  end  Suysd  b'=  eisM  csbles  in  s  25'  rsdius.   It  is  rated  to 
■w-ith5t.?nd  uinds  uf  to  150  «PH. 

The  instru:r,snt  shelter*  sade  of  ucod  snd  insulated  uith  styrofosEj  wss 
iccsted  ot  the  hsse  of  the  tower  to  house  the  recorder  end  hsttery  in  side-b^ 
side  coi:.?3rtrient5.  The  systen  vss   Grounded  by  s  wire  frots  the  recorder  to  s 
fGur  fcut  galvanized  stsKe  driven  into  the  ground  next  to  the  shelter. 


Description  of  the  Dsts  Anelysis  Procedure 

I,  Strip  Chsrt  Anslysis  -  Analysis  of  the  strip  chart  data  was  done  on  a 
coiT-.Puter  systeK  cocposed  of  the  following  iterist  s  Southwest  Technical  Products 
Corrcraticn  rcdel  CT-82  intelligent  terKdnalf  ctodel  69A  central  processing  unit> 
t«o  n.cdel  HF-69  dual-sided  single  density  disk  drives?  an  Integral  Data  Systes** 
Inc.  Ticdel  4-40  dct-c.atri;;  impact  printer  and  a  Houston  Instrument  HI  PAD 
digitizing  pad  with  a  one-button  cursor. 

The  strip  charts  were  digitized  and  stored  on  5.25  inch  floppy  disKs.  In 
this  process?  an  operator  uses  the  cursor  and  digitizer  pad  to  trace  six-inch 
seg-;ents  (referred  to  as  "plots")  of  the  wind-speed-versus-time  curve  on  the 
strip  chart  (105  segtiients  per  strip  chart).  This  sends  a  strsac  of  XY 
coordinates  to  the  coir;Puterj  which  receives  and  stores  them  with  an  accuracy  of 
+  or  -  ,015  of  an  inch.  For  this  study?  the  coordinates  were  stored  on  disK  with 
three  dscinial  places. 

After  the  strip  charts  were  digitized  the  data  was  averaged  into  hourly 
wind  speeds  as  fcllcwst  the  digitized  wind  speed  coordinates  were  corrected  for 
the  nonlinear  response  of  the  strip  chart  recorder?  the  strip  chart  tiitse 
coordinates  were  corrected  for  variations  in  the  operating  speed  of  the  recorder 
over  the  period  of  tine  it  tocK  to  fill  the  strip  chart?  the  resulting  corrected 
hourly  speeds  were  averaged. 

At  the  ne;;t  level  of  analysis?  the  hourly  wind  speed  data  was  sussarized 
into  daily?  weeKly  and  ^r.cnthly  sur-^aries.  To  do  this?  the  coRPuter  read  the 
hourly  wind  speed  elements  one  day  at  a  tisc  and  averaged  thea  into  daily? 
wssKly  and  ir.cnthly  average  wind  speed  profiles.  It  carried  individual  running 
totals  for  each  su-x.ary  period  to  sdnirdze  averaging  error. 

Also?  a  wind  speed  percentage  sPectrus  was  calculated?  as  follows:  the 
coRPuter  counted  hourly  wind  speeds?  then  sorted  their,  into  speed  brackets? 
sirultaneously  Keeping  a  count  of  ele&ents  sorted  into  each  bracket  for  each 
tire  sur^c.ary  period.  At  the  end  of  the  tiir.e  sur.ir,ary  period?  the  nus.ber  of  speed 
eler.ents  sorted  into  each  sPeed  bracket  was  divided  by  the  total  count  of 
el9r;ents  for  the  sur.-iary  period?  which  produced  the  percent  of  tine  the  wind 
blew  in  each  speed  bracket  during  the  period.  The  wind  speed  percentage 
brackets  were  sized  to  fit  the  perforir.ance  of  ff^ost  wind  generators?  i.e.? 
startup  wind  speeds  between  10  and  14  MPH?  highly  variable  production  up  to  30 
«PH  and  generally  flat  perforr.ance  at  speeds  greater  than  30  HPH. 

Ne;;t?  the  cor.puter  calculated  weekly  and  r.onthly  wind  power  density  values 
by  averaging  hourly  wind  speed  cubed  values  for  each  5ur.r»3ry  period  with  the 
sar.e  Kind  of  routine  it  used  to  calculate  the  average  wind  speeds.  The  process 
of  calculating  wind  power  density  for  each  su^iKsry  period  will  be  described 
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This  difference  uss  sdJusted  by  the 


standard  [:.ethcc  used  in  the  industr'^'  called  the  "1/7  power 


where  V  =  uind  sPeed  at  height  H 

V  =  wind  sreed  at  s  reference  height  hj  and 
N  =  1/2  for  0  to  5  «PH  uinds 
=  1/5  for  5  to  35  fiPH  uinds 


=  1/7 


winds  greater  than  35  HPH. 


In  addition  to  the  variation  in  tower  heights  there  exists  s  tise  las'  in 
weather  between  the  site  and  the  weather  service  station.  To  accoE-odate  this 
effect?  the  correlations  for  each  three-hour  period  were  averaged  together  to 
obtain  a  daily  correlation  factor.  FrcK  these  average  daily  correlation  factors* 
ueeKiyj  monthly  and  period  correlation  averages  were  calculated.  LiKewise» 
the  correlation  factor  percentage  spectruc  and  the  ir.ean>  caxisus  and  tTiinir»us 
correlation  factors  were  selected  froR  the  daily  average  correlation  factors. 
This  technic5UB  averages  out  the  lead/lag  weather  variations  between  two 
geographically  separated  locations. 
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II  CoErilator  Analysis  -  The  data  for  each  reading  period  was  entered 
into  the  con.Puter  and  stored  in  a  data  file  on  a  5.25  inch  floppy  disK.  Using 
this  data?  another  prograr,  calculated  the  average  wind  sPeed  for  each  reading 
period  and  for  the  entire  sonitoring  period.  To  r.inir.ize  erors  in  averaging  the 
tcnitcring  period  sPeed?  separate  running  totals  were  r.aintained  for  each  of  the 
ccr.pilator's  32  wind  sPeed  bracKets  or  "bins". 


Frc-.  the  data  in  the  bins?  a  wind  speed  percentage  spectruR  was  calculated 
by  adding  together  the  contents  of  s  single  bin  or  several  bins-  then  dividing 
that  total  by  the  total  of  all  32  bins.  This  calculation  produces  the  percent 
of  tire  the  wind  blew  in  each  percentage  spectruri  bracKet  during  a  reading 
period.  The  sires  of  the  wind  speed  percentage  bracKets  were  set  to  fit  the 
performance  of  r.ost  wind  generators'  Just  as  the  bracKets  werp  set  for  the  strip 
chart  data. 
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Na;;t?  Iho  con,Puier  used  the  wind  speed  averages  to  cslculsle-  uind  power 
density  vsluss  for  esch  resdin^  pericd  and  the  entire  rionitorins  periodt  Note 
that  these  values  cannot  be  a  very  acurate  description  of  the  wind  power 
potential  at  the  sits?  since  they  result  from  lon^-terin  ( sreater  than  1  hour  in 
length)  wind  sP=ed  averages.  The  Icn^e^-  the  time  period  of  wind  speed  average 
used  in  calculating  wind  power  density?  the  sore  unreliable  the  value  Generated 
is.   A  rinre  detailed  description  of  the  calculation  of  wind  power  density  will 
follcu  later. 

The  aner^cneter  heisht  difference  and  wind  speeds  for  corresponding  titt.e 
periods  frcr.  the  two  locations  were  then  used  to  corelate  data  froc.  the 
Kcnitorin^  site  with  data  fret;,  the  nearest  National  Ueather  Service  Station,  The 
height  difference  was  adjusted  using  the  "1/7  power  law"  as  previously 
described. 

The  ti^iB  lag  in  weather  between  the  site  and  the  weather  service  station  is 
ccrrected  for  in  the  nature  of  the  recorded  data.  Since  the  coEPilator  reading 
periods  are  r.uch  longer  than  the  weather  tiae  lag  between  the  site  and  the 
weather  service  station;  this  effect  can  generally  be  ignored.  When  3  reading 
period  is  of  the  sase  order  of  magnitude  as  the  weather  tiije  Isgi  the  resulting 
correction  value  is  not  accurate.  This  is  rarely  the  case  however, 

To  calculate  the  wind  speed  correlation  factors  between  the  site  and  the 
weather  service  station »  the  three-hourly  average  readings  froE  the  weather 
service  station*  corresoponding  to  each  co&pilator  reading  period?  were 
extrapolated  to  a  sensor  height  of  10  ceters.  Then*  the  average  speed  at  the 
site  was  divided  by  the  extrapolated  average  speed  for  the  weather  station  to 
obtain  the  average  correlation  value  for  each  reding  period.  To  miniRize 
averaging  errors?  separate  running  totals  were  itisintained  when  calculating  the 
average  r.onitoring  period  correlation  factor. 

The  final  level  of  data  analysis  for  both  the  strip  chart  and  the 
ccs;r-i later  data  was  projection  of  KiSxiRutr, »  miniriUiTi  and  average  aciounts  of  wind 
which  can  reasonably  be  expected  at  the  n.onitoring  site  over  3  ten  year  period. 
In  this  process?  both  wind  speed  and  wind  power  density  were  projected!  by 
applying  the  conitoring  period  correlation  factor  to  the  wind  sPeed  dats  froE 
the  previous  ten  years  at  the  National  Weather  Service  Station,  To  proJect  uind 
speedi  three-hourly  average  speed  data  froK  the  ueather  station  is  multiplied  by 
the  Bonitoring  period  correlation  factor?  then  extrapolated  to  an  elevation  of 
10  i;isters»  and  lastly  is  averaged.  For  uind  power  density?  each  three-hourly 
average  spsed  was  first  cubed?  then  added  into  the  running  tot3l  used  to 
calculate  the  average  wind  power  density.  Separate  running  totals  of  the  three- 
hcurly  averages  were  maintained  for  both  the  monthly  and  yearly  averages. 

The  KDst  useful  statistic  to  coispsre  the  potential  of  several  sites  is  the 
wind  power  density,  Uind  power  density  is  defined  ast 

3 

P=  (1/2)pKU 
where  P  =  wind  power  density 

p  =  air  density 

V  =  wind  speed 

K  =  3  proportionality  constant  used  to  resolve  differences  in  units  of  the 
various  eauation  terr.s 
N'ote  that  air  density  p  is  defined  as:  p  =  A/(  RT ) 
where  A  =  atmospheric  pressure  , 

R  =  ideal  gas  constant?  for  air  is  288.7  Joule/Kg  degree  Kelvin 

T  =  absolute  air  ter.perature  in  degrees  Kelvin, 
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Ths   final   wCrKir.s'  version   of  this  eoListion   i5t 

A   y  ( .01547) 


(5/9)(T-32)  +  273.15 


where  A  =  svsrsse  sir  pressurs  in  riillibsrs 

y  =  the  sversge  of  the  three-hourly  KPH  wind  speed  resdinSs  cubed 
T  =  ovsrs^e  teir.Fersture  in  degrees  F. 

The  ecrustion  for  uind  power  density  also  sccounts  for  the  difference  in  sir 
density  between  the  suiT.n.er  snd  winter  months  by  its  use  of  Bionthly  svera^e  sir 
t^r-F-ersture  snd  pressure  to  C3iculste  monthly  wind  power  density-   In  sdditionr 
it  scccu-ts  for  the  sir  density  st  the  site  ss  relsted  to  elevation  above  sea 
leval;  sssu^iinS  the  site  elevation  does  not  significsntly  differ  fron  that  at 
the  Naticrsl  Ueather  Service  Station. 

The  r.onthly  and  yearly  c3>;i-.Um»  Rininuir*  and  sverage  wind  year's  speed  and 
percentage  speed  profiles  were  calculated  in  the  sar.e  manner  as  the  percentage 
speed  profiles  previously  discussed.  The  only  difference  being  that  the  data 
being  sumcarizcd  was  a  year  of  National  Ueather  Service  Station  3-hour ly 
averages  and  that  the  sum&ary  periods  are  by  the  ir.onth  and  year. 


Error  Analysis 

The  calculated^  estimated  and  inferred  percentage  error  bandwidth  for  both 
the  strip  chart  and  coir.pilator  wind  speed  is  sbout  +  or  -  15X.  This  error  rating 
includes  data  gathering»  analysis  and  projection.  The  ir.onitored  data  show  that 
the  projected  speeds  for  the  seven  r,cpitored  sites  (no  projections  were  sade  for 
2  sites  that  had  abnormal  correlation  factor  curves)  are  valid  for  16  out  of  20 
months  J  or  30::  of  the  tir,e. 

The  calculated)  estii;.ated  and  inferred  percentage  error  bandwidth  for  strip 
chart  and  co!T,pilator  wind  power  density  is  sbout  +  or  -  25%.  The  sonitored  data 
with  this  error  bandwidth  correspond  to  the  projected  wind  power  density  values 
at  the  seven  ;;,Gnitcred  sites  in  14  cut  cf  20  i:,cnthsj  or  702!  of  the  tiir^e. 

For  the  following  discussion  several  terss  need  to  be  defined.  The 
absolute  error  of  s  nus.her»  Eessurement  or  calculation  is  the  numerical 
difference  between  the  true  value  of  the  Quantity  snd  its  spproxiisate  value  ss 
given  or  ohtsined  by  i;.e3SureT;,ent  or  calculation.  Th?  relative  error  is  the 
absolute  error  divided  by  the  true  value  of  the  Quantity.  The  percentage  error 
is  100  tir.BS  the  relative  error. 

For  the  purpose  of  this  discussioni  the  total  error  in  gathering  snd 
processing  DN'RC's  wind  data  is  divided  into  three  partsT  gatheringi  analyzing 
and  projecting.  Error  in  data  gathering  results  fron.  the  nature  of  the 
instrur.enlation  used  to  record  the  data  and  fron.  the  Banner  in  which  the  site 
owners  operated  it.  Analysis  error  results  froir.  the  eouipirient  used  to  transfortti 
the  wind  data  frcr,  the  recorders  into  nu-.ericsl  data  stored  in  computer 
r.er.ory  and  fror.  the  eouations  used  to  convert  the  nu-ierical  data  into  printed 
cverages  for  the  n.onitoring  period.  Lastly^  projection  error  results  froR 
correlating  the  ncnitcred  data  with  nearby  NCC  dsta  and  then  projecting  minirousif 
r.3/;i;;.uri  and  average  wind  years  st  the  monitoring  sites. 

The  error  fror,  data  gathering  is  obtained  fror.  the  instrument 
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SF-ecif icsiions  plus  sn  esiisisls  r.sde  for  site  owner  oPsrstion.  Dsts  analysis 
error  coir.es  frcit;  3  VBriei'i  of  sources  J  dais  IrsnscriFlion  >  analysis  techniQuer 
and  roundoff.  Each  rresenis  a  level  of  error  thai  nay  be  measured  or 
calculated.  ProJeclicn  error  musl  be  inferred  since  I  cannot  and  I  have  no 
references  that  show  hou  to  reliably  estimate  or  calculate  the  error  resulting 
fror;;  aneK;or:Pter  height  projection  or  the  correlation  and  projection  of  the  r.ean? 
nisxir^ur;  and  -,inin;un,  wind  years  for  sites  monitored  for  short  periods  of  time 
(less  than  several  years),  I  inferred  this  co-,pon&nt  of  the  total  error  usin2 
the  percentage  errors  between  the  r;cnitored  sits  data  and  the  projected  data's 
bandwidths. 

I.  Gathering  Error  -  The  wind  spsed  sensor  used  is  very  accurate  for  uind 
speeds  greater  than  3  MPH.  Since  the  wind  regi!T,e  of  interest  for  wind  power 
surveys  is  greater  than  10  fiPH  the  sensor  used  is  satisfactory.  Error  froiii  the 
speed  sensor  not  responding  to  peaK  wind  gusts  is  generally  balanced  by  the 
tendency  of  the  rotating  cups  to  gradually  slow  after  a  gust. 

The  largest  ar.ount  of  error  fror;  the  strip  chart  recorders  results  fron 
variable  Kotor  speed  caused  r.ainly  by  change  in  the  aisbient  air  temperature.  The 
analysis  technious  we  used  corrects  for  speed  variation  over  the  tine  between 
site  owner's  notation  of  the  titTie  and  date  on  the  strip  charts.  The  more 
freQuent  and  thcrcush  s  site  owner  was  at  noting  the  tine  and  date  on  strip 
charts*  the  greater  the  accuracy  of  the  data  gathering.  I  feel  the  errors 
introduced  by  recorder  Rotcr  spsed  variation  generally  cancel  each  other.  Since 
the  analysis  prcgrar.s  correct  the  overall  speed  variation!  the  error  when  the 
ir.otor  runs  faster  than  average  (day  tice  )  will  cancel  the  periods  it  runs  slower 
(night  lire),  ft  value  for  sensor  and  recorder  error  cannot  be  calculated  but  I 
estimate  the  sensor-recorder  error  to  be  less  than  +  or  -  5X, 

The  strip  chart  recorders  do  not  graph  wind  speed  on  a  linear  scale. 
This  nonlinear  responce  was  fully  corrected  for  in  the  analysis  software.  For  a 
r»ore  detailed  discussion  of  the  correction  techniGue  the  reader  is  directed  to 

'-M'T      ^  \tr  X  r     Ciicro     oiiQi:^^i3     sU  i   uwci   c     i   c  r  \jl    us     i  »jl        (/Ml3     rt   uOe^<#, 

II.  Analysis  Error  -  Data  transcription  errors  using  the  coRPilator 
Ronitoring  syster;  were  sliniinated  by  verifying  that  the  nuaber  of  seconds 
recorded  by  the  coiripilator  between  each  reading  period  correspond  to  the  tiiKe 
elspsed  between  readings.  Uhen  a  discrepency  was  discovered?  ue  discarded  the 
reading. 

Transcription  error  of  strip  chart  data  is  dependent  on  the  ability  of  the 
digitizer  operator  to  accurately  and  repeatedly  digitize  a  segment  of  strip 
chart  to  obtain  nearly  an  identical  average  uind  s?eed.  The  operators  use  three 
averages  calculated  by  the  cor,Puteri  the  largest  and  sniallest  digitized  y- 
cccrdinate  for  the  S6gr.ent»  the  nur,ber  of  coordinate  pairs  digitized  and  an 
ey.act  scaled  graph  of  the  digitized  data  plotted  by  the  printer  to  decide  on  the 
digitizing  csuality  of  a  segment, To  test  digitizing  accuracy?  the  operators 
rerJ?3tedly  digitized  a  test  pattern  (7  tinges  during  a  6  Bcnth  period)  having  an 
average  wind  speed  of  12.29  ±  ,33  flPH.  The  test  resulted  in  3  percentage  error 
of  ■!•  or  -  2.697..  This  error  increases  as  the  average  wind  speed  decreases  andf 
decreases  as  the  speed  increases.  For  exaiTiPle?  on  a  siK.iliar  test  plot  (repeated 
4  tines)  with  an  average  wind  speed  of  5,75  i  ,47  MPHf  the  percentage  error 
risas  to  +  or  -  3,17%.  Since  the  average  wind  speed  of  nest  of  the  sites  was 
closer  to  12,29  MPH  (usually  higher))  I  used  the  I  or  -  2.691   value  in  the 
error  calculations  that  follow. 

The  ec^uation  used  to  cci;.r-ute  the  wind  power  density  provides  the  BaJority 
of  the  data  analysis  error  for  calculating  the  uind  power  density.  Obtaining  the 


PAGE 


differpnti;!  error  e-prgssicn  fror  ih?  uind  Fouer  density  eGusiion  yields: 
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wind  PGuar   density   m  ustts/sc^usra  r.eter 
A  -  sir  pressure   in  r.iliibsrs 
y  -  uind  speed  in   MPH 
T  -  aversSe  r.nnthly  sir   ter.peroture  in   absolute  Kelvin   degrees. 


sbsciiite  error   for   the  sbsoiute   teiTiPersture  uss  derived  usinS  the  30- 
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ever  5  s  e 


r,ur 


r.ur 


r.esn  s'.bient  temperature  for  Great 


differential  was  11.85  degrees  F  or  about  6.67  dearees 


The  yearly  aversse  teir.peraure  being  44.7  desrees  F  or  280.21  degrees 


iolu< 


The  absolute  error  for  sir 
ranner.  The  yearly  r-sxin-un  and 
Eonlhly  averages. 


pressure  was  derived  in  essentially  the  same 
Rinir.us  pressures  were  selected  frois  the  30-ye3r 


Averaging  digitized  wind  5P_ 
adds  analysis  error  in  caiculatin 
speeds  are  used  to  calculate  wind 
averaging  s  wind  power  density  vs 
Since  wind  power  density  is  propc 
wind  speed  (through  averaging)  wi 
digitized  data  froK  a  site  result 
pairs  or  about  87  data  clesents  p 

1  I      n        j^^^i-ivir'.  11 


decreases  to  i  c 
.13/C,  Thus  using  1  hour  average 
results  in  an  acceptable  cost  in 
wind  speed  of  12.29  MPH  in  calcul 


ed  into  hourly  average  wind  speed  values  also 
g  wind  power  density.  The  hourly  average  wind 

power  density  rather  than  sussing  and 
lue  for  each  individual  digitized  speed  value, 
rticnsi  to  the  cube  of  wind  speed>  any  error  in 
11  be  greatly  iriagnified.  Three  months  of 
s  in  storing  about  1,13  Riliicn  xy-cocrdinate 
er  inch  of  strip  chart.  Assuming  an  average 
for-,  distribution  of  data  points  varying  in 
5  inch  7-er   1  inch  variation  of  >;-cocrdinate 
nd  power  density  calculation  is  +  or  -  ,04%> 
W3tts/f.2.  As  the  average  wind  speed  is 
the  speed  decreases  the  error  increases.  At  20 

,027,  and  at  5.75  «PK  the  error  rises  to  +  or  - 
wind  speeds  to  calculate  wind  power  density 
error,  I  use  the  value  obtained  at  sn  average 
ating  the  total  error. 


The  last  source  of  analysis  error  in  calculating  wind  power  density  and 
wind  speed  results  fron;  rounding  error  in  data  suss  in  the  coR.Puter,  The 
operating  syster.  that  ir.plecents  BASIC  on  the  69A  central  processing  unit 
represents  deci!T;3ls  with  a  7  byte  <  56  bit)  signed  cantissa  and  a  single  byte 
e>;cG5S  128  notation  ey.ponent  which  translates  into  a  17  deciriisl  digit  s-antissa. 
The  system's  round  off  slgorith-.  is  sn  industry  standard  resulting  in  errors  due 
to  rounding  being  largely  neutralized.  Thus  I  consider  rounding  to  introduce  no 
significant  arount  of  error  into  the  type  of  calculations  used  in  this  study, 

III,  Projection  Error  -  As  pentionsd  before?  the  ar»cunt  of  error  introduced 
in  projecting  the  n.ean?  t.sxic.uiTi  and  rdnitr.U!:.  wind  years  at  s  site  cannot  be 
calculated  directly.  Corr.parins  r.onitored  wind  speeds  to  the  projections  for  each 
site  r.ade  frorr.  Icng-terr.  weather  service  data  allows  the  error  fros.  the 
projections  to  be  inferred. 

In  the 'fol  lowing  discussion  the  terr.T  correspondence  ratio  is  used.  A 
correspondence  ratio  tells  what  percent  of  the  ricnitored  data  corresponds  to  or 
falls  within  the  projected  data  range  given  the  stated  error  tolerance.  For 
e;;ar;plef  given  the  datat  10 »  12  and  IS  for  the  November »  Decer.ber  and  January 
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ncnihly  sversss  wind  5Pseds  with  s  percsnlase  error  rate  of  i  or  -  10%  snd  the 
-ToJeciEd  dots  rsnsEs  cf  S-9,-  14--16j  Br-.i   17-20  for  these  nionih=j  the 
correspondence  rslio  is  2/3  cr  671.     Ucls   10  ±_  lO::  =  9  to  11  falls  witbi-  the 
range  3-9f  12  ±  lO/I  =  10.8  to  13.2  does  not  fall  uithin  the  ranSe  14-16?  and 
13  ±  lOZ  -   16.2  to  19.8  fails  uithin  the  U-16  ranse.  The  closer  the 
ccrrBSrOndenca  ratio  is  to  lOO'.'i?  the  better  the  Rcnitored  data  corresponds  to 
the  FToJected  data  uithin  the  given  error  tolerance. 

B'i  inferring  an  error  cf  17.   for  strip  chart  uind  spsed  projection »  12  of 
15  valid?  fully  monitored?  monthly  uind  speeds  fail  within  the  projected  Bonthiy 
uind  speed  bandwidths?  i.e.?  a  correspondence  ratio  of  30%,  This  implies  that 
using  thrss-huurly  average  uind  speeds  to  calculate  the  site/weather  station 
ccrrelaticn  factors  at  strip  chart  sites  is  a  reliable  element  in  the  software 
systec. 

Inferring  a  projection  error  of  9%  for  wind  power  density  for  the  strip 
chart  systems  results  in  a  correspondence  ratio  of  67%  between  the  monitored  and 
the  projected  uind  power  density  values.   In  other  words?  10  out  of  15  Pionths  of 
monitored  data  correspond  to  the  projections  given  the  total  error  bandwidth  of 
+  or  -  25%,   As  expected?  small  errors  in  projected  wind  speed  result  in  large 
errors  in  uind  power  density. 


same.  If  I  assume  the  compilator'^  r.^^^^v^w,,  t,  ,  w.  ,^^^   >^  ^.-,  >,.>. 
ccrrsspcndance  ratio  is  30%?  i.e.,-  the  same  as  that  for  the  strip  chart  systems. 

The  wind  power  density  values  obtained  from  the  monitored  data  corresponded 
much  better  to  the  projected  monthly  values  for  the  compilstor  than  for  the 
strip  chart  systems,  tihen  I  assumed  a  13%  projection  error  rate?  an  30% 
correspondence  ratio  results  between  the  monitored  data  and  the  projected  data. 
Given  the  small  sample  size  (1  site  or  5  months  of  valid  monitored  data)  this  is 
not  s  reliable  estimate.  If  DNRC  uses  the  comPiiator  system;  to  Bonitor  sites  in 
the  future?  this  figure  should  be  re-evaluated  using  the  larger  sample  size. 

In  summary?  the  amount  cf  error  for  wind  speed  using  a  strip  chart  syslen 
results  in  an  average  percentage  error  band  of  +  or  -  15%.  In  detail:  recorder 
error  (5%)  plus  analysis  error  (2.69%)  plus  the  inferred  projection  error  <7%), 
For  wind  power  density?  the  average  error  bandwidth  is  •{■  or  -  25%:  recorder 
error  <5%)  plus  total  analysis  error  (10.63%  +  ,04%)  plus  the  inferred 
projection  error  (9%), 

The  amount  of  error  for  wind  speed  using  a  ccmpiiator  system,  is  also  +  or  - 
15%5  i.e.?  recorder  error  ( 1%?  from  manufacturer)  plus  analysis  error  (0%)  plus 
inferred  projection  error  (14%).  For  wind  power  density  for  the  coKPilator 
system?  the  error  bandwidth  is  +  or  -  25%?  i.e.?  1%  recorder  error  plus  11% 
analysis  error  plus  13%  inferred  projection  error. 

In  conclusion?  for  obtaining  wind  speed?  the  estimiated  data  gathering? 
analysis  and  projection  percentage  error  rate  for  both  types  of  recording 
systems  used  in  DN'RC's  Uind  Anemometer  Loan  Program?  is  +  or  -  15%.  In  total?  16 
cf  the  20  full  months  of  monitored  data  (30%  of  the  time)  fell  within  the 
projected  results  for  the  7  monitored  sites. 

Projecting  the  mean?  ma'/imum  and  minimum  wind  power  density  years  for  the 
sites  resulted  in  an  error  bandwidth  of  +  or  -  25%  for  both  recorder  types.  Here 
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14  c-f  the  20  full   r.onlh^f   5  corresrondence  rslio  of  70/:»   fell  uilhir,   the 
Frc.icclad  results. 


Survey  of  Wind  Power 

at 

The  Sieben  Livestock  Co.,  Cascade,  MT 

October  19,  1981  -June  2,  1982 


FOR 

MONTANA  DEPARTMENT  OF 

NATURAL  RESOURCES  AND  CONSERVATION 

Renewable  Alternate  Energy  Program 
Grant  #82-1016 


Gunderson  Consuldng  Service 

525  East  Davis  St.  •  Bozeman,  MT  59715 
(406)  586-3502 


F-AG£ 


D55crirlior,   of  EQuirr^enl 

The   wi&-"  dsLo   in   this  rercrl  wss   sslMsred  snd  recorded  ti=  DNRC's  wind 
ricnilorins  ristenis  HSR-Jl   and  DSR-52  si   Ihe  Sieben  LiveslocK  Co.   rsnch  nesr 
C35csd5f    Honisns  frcii  CcLober   1?»    1931    lo  June  5?   1932, 

Nolursl  Fouer   Inc.r   New  Boston?   New  H3-if3hire»   msnuf sclured   the  recorder 
and  sensors  «sad  in   the  s^steni  which  gsthered   this  dsts.     The  s'ister;  includes;   £ 
model   All-132  dusl   striF  chsrt  recorder   housed  inside  3  nicdel   A95-003  plsstic 
cssBr    5  iTiOQ?!   A7j-104-  4-Fole  cur-  sner;o-i6ter ;   s  niodel   A7j-301  wind  direction 
ssnsori   s   12-volt  wet  cell   sutoKcbile  bBttery?   snd  sll   the  cable  needed   to 
connect  the  sansors  to   the  recorderr    the  recorder   to   the  battery  and  the  entire 
s'isien*  to   a  Srcundins  stsKe.     Cc-iPletins  the  systen,  were  an   instrunient 
shelter   snd  a   lO-Keter   tower  with  niountin^  bracKet»   Euy  wires  and  staKes. 

The   o^erstionai   s'ecif icstions  for   the  model  A75-301   direction   sensor  are! 
TssF-ersture  ranset   -55   to   170  desrees  F 
Rsscluticn:  ^5  decrees 
fls^.irriUR  wind  sr-eed:    150  MPH 

The   c^ereticnal   sr-ecif icaticns  for   the  niodel  A75-10'^   sneDonieter   areJ 
Uind   v=locity   ran  set   3-150  MPH 
TssPersture  rsnse   -60   to  200  des'rees  F. 

The   GPerstional   specif icsticns  for   the  model   All-132  strip  chart  recorder 
erst        Te-^r=rature  ranset   32   to   160  desrees  F. 
Recorder  mstrr;   -f  or   -   I'C 
Recorder  chert  speed!   +  or   -  57, 
Response   tir.et   5  seconds   tc  f J 1 1   scale 

The   strip  chart  recorder  records   a  wind  sPesd  snd  direction  readms  every 
two   seconds  bb-  paKina  a  r^arK   en   the  pressure  sensitive  strip  chart  paper   as   it 
crosses  3   r-etal  plate.     To  :;aKe   the  rrsrKf   an   inpact  bar   striKes   the   top  side  cf 
ths  rT;etar   needles?   one  for  wind  speed  and  one  for  wind  direction »   which  then 
touch  the   sensitive  paper. 

The    tc'-er  was  s  lO-xetsr   Radio  ShacK   telescoping  T'v'  antenna  nast  nede  of 
32lv3nized  steel  snd  suyed  by  eisht  cables  in  a  25'   radius.     It  is  rated  to 
withstand  winds  up  to   150  MPH, 

The    instruiTient   shelter?   made  of  wood  and  insulated  with  styrofoa^jf   was 
Iccstad  st  the  base  of   the  tower   to  house  the  recorder   and  battery  in  side-by- 
side    cor:rartr:.ents.     The  syster;  was  srounded  by  a  wire  fron  the  recorder   to  a 
four    foot  Galvanized  stsKe  driven   into   the  sround  next  to   the  shelter. 
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Monitoring  Helhod 

Ensrsy  Grant  Asr5er:=nt  #220-300? 


=   to 


To  locsts  the  inonitorinB  site?  trsvel  south  froni  CoScbqs  on  Siat£  Routs 
330  for  5i;-;  n^iles  to  3  Isrse  sheeF  shed  on  the  east  side  of  tha  roid  stop  a 
hill.  Turn  west  onto  3  sTsvsl  road  snd  FTOcsed  for  23-29  niles  to  the  rEnch, 

The  resder  will  find  seversl  ssps  in  dsts  during  the  nonitorins  F-ericd.  The 
33?  frcri  11/22/81  to  11/29/31  occurred  when  the  bsttary  was  dischsrssd.  The 
five-!T:onth  s's'^-  fro:;^  12/15/31  to  5/13/32  results  frori  our  decision  tc  exclude  the 
dais  rscorded  by  DSR-*1  during  thet  period.  The  dsts  recorded  fron  12/15/31  to 
5/1S/32  locKs  leSitiRste  on  the  stri?  cherts?  but  when  it  is  enalyzed  snd  then 
c-jSr-srsd  to  dets  recorded  durins  the  ssn^e  rsriod  st  the  NCC  station  deta?  it  is 
clssr  thgtj  5=  the  site  owner  suspected?  DSR-41  was  inelfuncitonins,  Therefore? 
these  striF-  charts  were  excluded  fro:;;  this  study. 

Concerned  sbout  the  validity  of  the  dsts  beins  recorded  by  BSR-^lf  hr . 
Hlbb.=  rd  consulted  the  DsF-srtrisnt  ensinser  snd  syself?  snd  borrowed  s  different 
rscordsr  (  DSR-*2  )  fron  the  Der-3rti^:ent.  DSR-#2  produced  vsiid  data  end  fir. 
Hibbsrd  continued  the  study  until  June  3?  1932. 


hGe: 


Bsscrir-licri   ihs   Dils  An=,l':;si5  FtgcsguTs 

Ansly^iT   c^   lh5  s'.ri:^   chsrl  est;  wai  don?  en   a   ccn.^^ulsr   szstar.  cGr.?G5£c  C; 
'r.liG'^ins  iUr.s:   3  5Gulh'^e-?.l  Technical  Products  Corr-craliOi-i   r.odel  Cr-82 
iriisllissnl   lerrdnal^   r.odsl   69A  central   prcceasins  unit?    tvjo  ncdel   H.F-6?  dual 
n=l3  density  diaK   driveaf   an   Ints^rsl  Data  Systar?    Inc.   rodal   A^O  do' 


»  -J  -^ 


button  curacr* 


4  _ 


act  printer  and  a  Houstcn  Inatrun.ent  HI  PAD  disi  lizina.  pad  uith  a  cne- 


The  strip  charts  were  digitized  and  stored  on  5>25  inch  flcrP'i  disKs>  In 
ccess'  an  cperstor  uses  the  cursor  and  digitizer  pad  to  trace  six-inch 
as  "Plots")  of  the  uind-SPeed-versus-tire  curve  on  the 
u  (105  segrents  per  strip  chart).  This  sends  a  streaiTi  of  XY 
5  to  the  cor.putsr?  which  receives  and  stores  thai:,  with  an  accuracy  cf 
'   "    ■   .   .-_  i\^,i-   studiif  the  coordinates  uere  stored  on  disK  uith 


seSrerts  (referred  to 


COTr  rj  1 

♦  ■-'  a.  w  C 

three  deciral  places- 


■         —  .',,■:       H:  oil        inCtl.        I 


Vir.r. 
ths 


<  t,_     ^i_;-     .k^»4^     t.. 

*.- 1  ■  T        3^1      A  .-        C  1  t  O  P      Vrf  ^        W 


■re  disitized  the  data  was  averased  into  hourly 
Lsitized  wind  sr-eed  coordinates  ware  corrected  f; 


"linear  response  cf  the  strip  chart  recorder?   the  strip  chart  tir:; 


iin; 


;ere  corrected  for 


iS  SPaed  of  the  recorder 


over  the  period  of  tire  it  tccK  to  fill  the  strip  chart;  the  resultinS  corrected 


■.a  neM 


Hntr    rs-ib 


an.' 


■  i  Zi       3  U  )  i  t  '  C  I 


the  hourly  wind  spsed  data  was  su&Lsrize' 
'ies.  To  do  thisf  the  corputar  read  the 


houly  wind  speed  eler^ents  on? 

O  -  'J   I'-'j:  <  oil  L  3 


--» 


A7.S  ^rid   averaged 


4  !-..--, 


into 


-ary  period 


eeo  PT 

-.inir  ize 


IT  ! 


"lies.   It  carried   inoividuai  ri 
•erasins  error. 


•roirs  totals 


a  wi 


sroentase  SPectruii;  was  calculated?  as  followst  the 
ind  speeds?  then  sorted  ther.  into  speed  bracKetsj 
mS  3  count  of  slerents  sorted  into  each  brscKet  for  each 
;  period.  At  the  end  o"^  the  tir,e  surr^sry  period?  the  nur/oer  cf  speer 
'ted  into  each  speed  brecKet  was  divided  by  the  total  count  of 


tirre  sur: 

slerents 

elerents  for  the  surr^ary  period?  which  produced  the  percent  of  tine  the  wind 

blew  in  each  speed  b'^acKet  durins  the  period,  The  wind  speed  percentage 

brac!^:ets  Ksr^z   sized  to  fit  the  perforr^ance  of  rost  wind  sanGratcrs?  i.e.? 

startup  wind  speeds  between  10  and  14  MPH?  hishly  variable  production  up  to  30 

f'PH  and  senerally  flat  perforr.ance  at  speeds  greater  than  30  i^PHv 


N'e^;t?  the  corputed  calculated  weeKly  and  ronthly  wind  power  density  value; 
by  sverssing  hourly  wind  speed  cubed  values  for  each  surirary  period  with  the 
sare  Kind  of  routine  it  used  to  calculate  the  average  wind  speeds.  The  process 
of  calculating  wind  power  density  for  each  surrary  period  will  be  described 


m 


-epon 


The  weeKly  and  monthly  wind  direction  surcnaries  were  prepared  nanuelly 
fro:  the  rarKs  ir.ade  by  the  wind  direction  needle  on  the  eisht  direction  tracKs 
on  stri^-  chart.  (One  tracK  on  the  strip  chart  is  assigned  to  each  octant  cf  the 
co-pass — N?  NE?  E?  SE?  etc.).  For  each  sur.r-ery  period?  the  operator  counted  the 
nurber  of  Guarter-inch  (15-rinute)  ir.srKs  in  each  direction  trscK  on  the  strip 


total  nurber  o^  ParKs  in  each  direction  trecK  by  the  total  nurber  cf  r.arKs 
in  all  direction  tracKs  during  the  sare  period  to  derive  the  percentage  of 
ti'e  the  wind  blew  in  each  octant  fcr  the  surr,ary  period. 
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Tg  cnrrslcVa  dels  frc-    5  it  onilcrins  site  with  dsta   fror-   the 


nearest 


Nili-ji-isl   Ussihsr  Service  Sl?Ucnr 


it  rwsl  first  b? 


iriter-insG  if  eny  Qitfer-Erc; 


s;'i5t5  b3t'4e=n   the  hsisht  of   t^e  sner.onstsr   st  the  site  end   the  heisht  of   the 
GT?  5t  lbs  vesthsr   service   ststior:    .    In   thie   instancs?    the   ciiecoreter  st  the 
neer^est  etsiicn   (Treat  F5II5)  is  st  6-7  r;c-ters  uhile   the  ener  crster   st  the  sit; 
US';   10  ireters--   This  oiffersnce  i^ss   adjusted  by  the   stendsrd  rethod  used  in    the 

c'^er  Is-!,-": 


-,  N 


N  = 


wind  speed  3t  height  H 

wind  sFsed  st  5  reference  heisht  h>  end 

1/2  for  0  to  5  MPH  winds 

1/5  fcr  5  tc  35  MPM  winds 


To 


ind  speed  correiatien  factor*  three  hours  c-    site  dats  uer; 

rcrresrcnd  to  the  three-hourly  everaSs  resdinss  frcr  the 
weather  se^^vice  station*  The  weather  service  readins  uds  extrapolated  up  to  a 
se-iscr  heis-ht  Df  10  u-stersv  Fineliy  the  site  three-hourly  sversss  speed  was 
divided  by  the  edJsted  weather  service  station  reading  to  obtain  a  three-hourly 
sversse  correletion  value*  Eight  three-hourly  eversss  corrsls-tior;  factors  were 
svsra^ed  to  produce  5  dsily  average  correlation.  Daily  average  correlation 
factors  were  then  sveraSed  by  the  wseK»  Ronth  end  period  to  produce  svsrass 
correlation  fectors.  The  ir.ean?  iTis;;ir:uiT;  and  jianir.-ur:  correlation  factors  were 


The  final  level  of  dats  snelysis  was  prcJection  0^  paxiriur  ?  rinirur-.  ard 
evsrsSe  srounts  of  wind  which  can  reasonably  be  expected  st  the  roritorins  site 
cer  s  ten  yeer  period*  In  this  process^  both  wind  speed  end  wind  power  density 
were  projected?  by  applying  the  rionitorins  period  correletion  factor  to  the  wind 
speed  dsts  frcr;  the  previous  ten  years  st  the  National  Ueather  Service  Station 
et  Gore  Hill  in  Great  Fails,  To  project  wind  speed?  three-hourly  average  speed 
dats  frcp  the  westher  station  was  extrspolated  to  an  elevation  of  10  rietersj 
iTultiplied  by  the  n.onitoring  period  ccrrelstion  factor*  then  sversSed.  For  wind 
power  density*  esch  three-hourly  svsrsse  speed  wss  first  cubed*  then  added  into 
the  running  total  used  to  calculate  the  a>.'er ase  wind  power  density.  Separate 


running  totals  of  the  three-  hourly 
rcnthly  and  yesrly  averages  •, 


o  '/  -i  I  Q  i .: 


were  naintsined  for  both  the 


The  rost  useful  statistic  to  co-pare  the  potential  of  several  sites  is  the 


-ower  dens i I 


But  even  though  wind  power  density  is  by  far  the  r.ost 


lp;sl  u 


;l5li3lic;l   tool  for  yind  ssners'.cr   sits  ssUciicr,  f    il   is  ususil^   Ine 
iSQ  bv  i.vind  developers  ■■   Uind  Fcusr   densilv;   is  dsfineri   sst 


■!-,  =  "-     c 


v-sre  s 


P 

T 


p=  ( 1/2  )pK'; 

=    uir.r]    PC'jPr    dSHrily 

=  sir  density 

=  wind  5--eed 

=  5  F-rnpcriiGnslil'i  corslsri  used  to  resolve  diffsrences  in  Uuiis  of  I' 

vericus  eGUslicr  isrrs 
;i  Eir  densiU  f  is  defined  5st  ?  =  ft/(  RT ) 
=  slrospheric  pressure 


ideel  ses  ccnslsnl 


T  7  0)   5 


ir  is  233»7  Joule/Ks  desree  Kelvin 


Th; 


=  sbsclule  eir  terpereture. 
final  worKins'  version  of  this  ecuslion  ist 


F- 


A  V  (  .01547) 


(5/9)<T-32)  I  273.15 


«~  A  - 


=  5'-^ersge  3ir  pressure 


n.illibsrs 


U  =   the  everss'e  cf  the   three-hourly  HPH  wind  speed  resdinss  cubed 
T  =  3',?prsse  ter:p8r3ture   in   dssrees  F. 


The  reeson   wind 


-■seo 


isr   density  is  s  better  basis  than  eversSe  uind 
wind  senerstcr  becores  clesr  throush 


understs-ndins  the  esustior  for  wind  power  density  siven  above.  It  shows  thst 
the  wind  end?  therefore?  the  power  thst  csn  be  sbsorbed  fror-  the 


4  He 


;er 


^d  h'- 


^1 ,... 


--,  - 1 


to  the  cube  oT  the  wind  spsed.   If  st: 


wind  Dy  5  wind  gensrstor?  is  prcPOpT^ion.: 

;?'--=r3£e  wind  speed  is  used  to  csloulste  the  wind  power  density*  the  svsrose 


lh5 
cubed 


"J.      I  ■  ■- 

nstsntenecus  -^r-. 

;  t  ,  ■  •;  1  1  , .  ^  -  1  r-!  - 

J.  -^  '.V  i  1  i.  3  i  r  I  -J  c 


;e  the  eversse  speed  with  ell 
.t  on  5  linear  scale.  When  the  avereSe  speed  is 


:ch  lower  value  th 


instantaneous  uind  speed 


>Q  «,.!-,-%-( 


and  then  all  the  cubed  speeds  averaged.  The  foUowinS  e.-iaraple 


illustrates  this  fact:  averaging  the  following  nurbsrs  (  0.9? 15»31 >23f 14f6ji?0 ) 
end  cubing  the  result  yields  a  value  of  1630.  Cubing  each  nur.ber  and  averaging 
the  cubed  values  yields  a  value  of  65-^1.  Note  the  sirount  of  error.  The  Icnser 


the  averages  used  in  projecting  wind  power  densi 
wind  PC'.;9r  density  beccres. 


,y  the  greater  the  error  in  the 


The  above  SGuaticn  for  wind  power  density  also  accounts  for  the 
difference  in  air  density  between  the  suii.rer  and  wintei-  ronths  by  its  use 
of  ronthly  average  air  teriperature  and  pressure  to  calculate  conthly  wind 
power  density-   In  addition?  it  accounts  for  the  air  density  at  the  site  as 
related  to  elevation  shove  sea  level?  assur.ing  the  site  elevsticr  does  not 
significantly  differ  fror  that  at  the  National  Uesther  Service  Station. 


The  iTcnthly  and  yearly  RS^'irur.?  cinirur.  and  sversge  wind  year's  speed  and 
percentage  spsed  profiles  were  calculated  in  the  sare  ranner  as  the  percentage 
speed  profiles  previously  discussed:  The  cnly  difference  being  thst  the  data 


being  surrsrized  was  s  year  of  Naticnal  Wes 


=  1   I,'-:,-!  r,-- 


Service  Station  3-hour ly 


ages  and  that  th- 


sur 


;ry 


iods  are  by  the  ronth  and  year. 


The  jtcnthly  and  yearly  average  wind  speed  percentage  profile  is  the  riost 
useful  iter  in  the  report  for  estirating  the  actual  ouput  of  a  wind  generator 
st  the  ncnitoring  site.  See  the  Data  Use  section  for  a  description  of  this 

..  o  »  k  r-.  rl 


a     r-i<_?i 


Fir-,'-;   refer   lo  A?--r5ridi,'.  I   and  compare   iht 
ycur   !r.DnilGr£d  sits  to   the  dsnsilies   el  other   sites   in   the  ststs.   ( Cc.-f^sr  iscr,   q! 
uirid   rG-;!;r   dsniiti^^  pro-nds-;  the  bsst  picture  o''  h^u  one  site's  Fctentisl 
c  or  r  5  p  e  s   u  1  ",•  0  g  '.  "•  -^  r  s  *  / 

N'extf   estirsta  the  Fouer   cutrut  you   rdsht  expect  fror  e  per  ticulsr   wind 
Ssri^retcr  instsllsd  at  your   site.     You  will   nesd  the  gener-ctor  renu  recturer-' s 
uind-5P5pd-versu5-PGwer   output  Srar-h?   or   ''pcwtr   chsrsctsr-istic  curve'    as   it   is 
sor,£ti:;.5s  cslled  (Appendi;;  II   is  such  s  curve  for   e  Holec  Uindinetic  rcdel   US 
wind   3ener?tGr)'    snd  the  ''Aversss  f^cnthly  and  Yesrly  wind  Speed  arid  Percentese 


Speed  Prn'-ils'-   of  your   site. 


FgIIgu   the  prGCsdure   in   the  e;;5rpie  belcu   to 


sstinstia  yaerly  (or   rionthly)  s'enerator   ouput.     Then?    to  calculate  a  dcilar   value 
of  the  PGwsr   that  gsrisrator   ir.isht  generate  under   the  conditions  at  your   site? 
Mltiply   the   estir.sted  sensrator   output  bi   the  value  of  the  electricity   you 


In   the  folloijing  sxarple  use  the  Fouer  Chsrscteristic  Curve   in   Appen; 


-,,!       »  !-,  f^> 


wind  speed  Percenta.^e  spsctrur^t 


PERCENT  GF  UIND  IN  VELOCITY  BRACKETS 
'10  '11  <12  <13  <14  <16  <13  <20  <22  <24  <26  <2S  <30  <32  <34  <33  <40  >40 


The  first  step  is  to  CGnvert  these  annual  percentase  fiSures  into  the 
nurber  cf  hours  per  year  the  wind  blew  in  each  brscKet.  fiultiply  the  percsr 
value  fro.'  the  percentage  spectrur.  by  the  nur^ber  of  hours  in  a  yesr?  (365  > 
le-ir).  The  wind  blew  .41 
the  less-than-lO-MFH  br; 
wind  blsw  .05  X  Sf760  =  433  hours  at  speeds  between  10  and  10.99  «FH.  This 
process  can  be  continued  for  each  brscKst  o^  the  spectrur ^  The  final  result  will 
IogK  liKe: 


PERCENT  OF  UINZ:  IN  yELCCITY  BRACKETS 
;i2    <13  <14     <16  <18  <20    <22   <24 


.j'r   . 


3j!;9i.6  433  733. 4  350.4  433  1051.2  S76  433  262. S  175  >2  37.6  ...   0  ... 
NUhFER  CF  HCiJRS  THE  UIND  BLEU  IN  EACH  PERCENTAGE  BRACKET 

The  next  step  is  to  assisn  s  tiPH  value  to  tne  riddle  o^  each  velocity 
brscKet  snd  than  use  the  Power  Character istic  Curve  to  find  the  senerator's 
power  output  for  each  sssGciated  n.idpoint  speed:.  The  nidpoint  oT  each  velocity 
b^scKet  has  been  rounded  to  the  nearest  HPH  for  converienoe  below. 


MIDPOINT  OF  VELOCITY  BRACKETS  ( MPH ) 
5  11  12  13  14  15  17  19   21  23  25  27  29  31  33  35  3: 


41 


0   0   0   2   4   7  11  17   21  27  33  39  45  5C  55  59  60  62  60 
GENERATOR  OUTPUT  ( KU  )  FRQfi  PCUER  CHARACTERISTIC  CURVE 

To  do  the  final  stpp»  ir.ultiply  the  nu'-ber  o'"  hours  in  each 
bracKet  by  the  sensr.stor  output  and  add  all  of  the  ouputs  tosether  to  obtain  the 
total  senerator  output  for  the  period?  which;  in  this  e.^'.arple?  is  ore  year. 


AiQE  y 


^1IDPDIf;T   GF  VELOCITY   BPi^Cr.ETS   (r!FH 


/    --'  i  i.  /    J . 


/    _;  ^J  u  /  u  -■  u 


•  ,i    I    ■  c-  c-  1  G  A  T  ■-  T  T  O  O  I  T  »    1   i         ■;  '-  i  "  i.  ■:  O  ■■! 

-T  -r  » j         -J  -J  i  /  -T  /    J  'J  *_  (J  ■   J.  ^'  -r  i  u         J  .'  ^  ^         -T  vjw  -.' 


Dcrr-.Tr''    rc;-ico  vrnr..    piiroiiT    f|.i;Uj    pco    t- p.  ^i  r  f :' F  T 

r  '11'  i  *J  L'     \j  i_  1 '  i_  A  n  .  L  r      I_"J  i  i    \^  ;       ^  i «  w  i  l   /     r  l.  i        t*  i  .  r^  -  i    i_  i 


In   ihi=   &:'5i-.FLs'    Ihe  55n5r£f-or   osji.pul  for    tr,5   ic^sl   psriod  (che  ys;r  )   is 
-      -  4h=.  <>z!nr^  ot-  thi5   eleclrici!,':-   which  ucvsld   ihsorpUcsil-i  be 

slor   al  3  site  '*iih   Ihi?,  uind  Srssd  prorils)   F:ijlti-i'=;   iht; 
vslue  Gf   lh9  slGclricit/j  by   the   tol;!  FrGOuclicr.      In   this  e;;=rr-le  ut;  uill   us9 
5.C£2j/KUh  for   the  unit  vilu5  of  displaced  sleclr icit'z;;    IherEfGre?   the   totsi 
vslus  of  ths  disFlsccd  eleclricil'i  would  be   $37235.6^  r^r  ys;r . 


Hcue'-er  ?   riony  fsclcrs  olhc-r   thsn   the  cosi  cf   Ins  Esnerclor   s.-d   Ihs  vii'j?  cf 


di5?iEC5d  electricity  n.ust  be  considered   to  r.sKe  a  realistic  evelueticr   cf   the 
scoriC'ics  cf  wind  electric  s'snersticn   at  ycur   site — fsctors  such  ast   the  ore- 
tir.B  casts  of  site  preperaticn   (land  rentalr   read  irprover.ent?   Fowsr    line 
iri?tell.=tion   srd  cornecticn  )?    lesal   fees^   charses  for   the  focndaticru   freisht 


n-t  z,      i  u 


r   ins,^ecticn   ar.o  sys^er   cii5Ci--,GL:"«.>   ii 


and  the  continucus  e.' 


ChEr35S=     f 

insura-'ice:   Or-erstion   and  tiiaintenarcs.   The  follcuins  breaKdc-n   sivis  a  broad 
Suii:;eline  for   the  cast  of  s   Isrses  scale  uind  develcrrent: 


•  c:  1 .  r  w  ^     u'  I 
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FoundatiGn/Sita  FreFarsticn 
O^r^rations/^^amtenancs   - 
i^sssrbl'j/ChecKciil   - 
Other  - 
ijiui^rent  Trarsi^ciHstion   - 


S% 


f--..„.    ,,,s. '  •;  r  z<  ••  ~!^    crc-l 


n.-.  1  .-.5.^.-.    1  go,'' 

;csts  will   a?Fly  in   tr,e   sars   rercentases   to  every 


• »  ,  1 1  - » 


Lhe   lilvslihood   is  always  a  scod  that  other   costs  uill   oc 


waits  'r=:r  sjijare  ;;.eter   and  has  a  nanirui:.  averaSe  wind  speed  of  12  fIFH  for   a 
least  si--;  r.cnths  per-   year   should  considered  for   wind  ds'v'eloPT.ent*   The  final 


the   sar.s  de:Sree  of  careful   s-.alysis   as  you   sive   any  other   oeveic-Frient 
ir.-,'5strsnt.   Apr-endi;:   III   is   a  sussested  wind  eisctric  ssneration   dsvslop'ent 
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HOy  TO  UNDERSTAND  THIS  DATA 


The   first  dsls  sheet   is   the  "Wind  Speed  Su»iri5ry  (in  HPH)  i,  Ferceritsse  S^ee.: 
Frofiie".     This  surimery  sheet  sives   the  wind  speed  recorded  by   the  Pionitor  ins 
s'istPR  while   it  was  st   the  site.     The  '^UMY  AVG  S?D"   column  sives  the 
ovsrsss  wind  Sr-eed  for   each  weeK   snd  month?   snd  the  wind  s?eed  percentsSe 
ispsctruri   sives   the  percent  of   tiro  dunns  thst  weeK   the  wind  wes  blouins  in 
SFSrticLilsr   wind  sPesd  brscKet.   For   e>:s".Ple>   consider   the  follcwins  spectrurit 


PERCENT  OF  WEEKLY  WIND  IN  VELOCITY  BRACKETS 


<10   <il 


1        1 


0 


In   this  wsef.-'s  exsmpie?   82";  of   the   tiri&   the  wind  bleu  between  0  snd   10  HPH? 
6:  of  thE3  tiP.e  it  blew  between   10  snd  11  HPH^  3%  of  the  tiro  between  11  snd  12 
MFH?    4"  between   12  snd   13  HPH?   etc. 


The   !;;ulti-p5se  sun.Ksry  titled  "Wind  Spsed  Sus^iSry  (in  iiPH )  snd  Percentss:; 
Sfectrur;"    contains  csil-a*   weeKIy  and  monthly  sversse  wind  speeds  and  a  wind 
5?E8d  percentsse  spectruu.  for  each  speed  svera^s.     This  suEnsry  should  be 


tt,er  pre  ^e-i 


ssr.e  r;snnsr   as   the  preceeding  suiTirisry. 


Cr,   the  5ur:r;;sry  sheet   titled?    "UeeKly  and  Monthly  Aversae  Wind  Power 
ISsiisity?"    the   last  cclur.n  sives   the  weeKly  snd  n.cnthly  aversse  wind  power 
Qirsit'i  st  ths  site  durins  the  rionitcrins  period.     The  sversse  wind  speed  in 


15 


■sown 
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ths  5PPTO>;ini5te  percent  of  tir;e  the  wind  wss  blowing  in  each  of  the  3  different 
co:-P3s=  directions  durins  the  isonitorinS  period.  (Please  note  that  these 
directions  sre  based  en  i;;S3nstic  North?  not  geographic  North.) 


These  correlation  factors  express  the  wind  sPeed  at  the  site  as  s  percent 
of  the  wind  speed  recorded  at  the  ssr.e  tir.e  ^t  the  NCC  westher  station.  For 
ei'.s-.plet  if  the  site  wind  speed  is  5  rr^ph  snd  the  NCC  westher  station  wind  speed 
is  10  5Ph?  the  correlation  fsctor  for  that  instant  is  5/10  =  .50?  i.e.? 
the  site  wind  speed  is  50?;  of  the  wind  st  the  NCC  station.   If  the  wind  speeds 
are  reversed?  the  correlation  factor  is  10/5  =  2.  If  the  wind  speeds  st  the 
site  and  the  NCC  ststion  sre   saual?  the  correlation  factor  is  1.00. 
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Density  In  listts/Sci.  Meter".  The  first  one  Sives  the  average  ("Mean  Wind  Ye; 


). 
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< 'HsxiftU!!;  Uind  Year")  wind  power  density  likely  to  occur  at  the  site  over  a  tsn- 
y?3r  period.  If  a  site  owner  is  ccnsiderins  installing  s  wind  generstor?  these 
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wind  generator 
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Per  alma  a 
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heisht  cf   10  Hieters  (33  feet)  under   the   san^e  conditions  as   thoss 


found  at    the  site.     Since  iiiost  senerator   towers   are  taller   than   10  Fieters  and 
since  wind  speed  and^    therefore*   wind  power   increase  as   the  height  above   the 
surface  increases?   it  follows  that  an  estir.ate  based  on   this  data  snd  usins  this 
r:9thod  will  be  s   conservative  one. 
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THAN  24  HOURS.      THE  TOTAL  NUMBER  OF  HOURS   IS  GIVEN. 
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THAN  24  HOURS.  THE  TOTAL  NUMBER  OF  HOURS  IS  GIVEN. 


PAGE      ^ 

STARTING    TIrlE:      2300  HOURS 

STARTING    date;        5/13/32 

PERCENTAGE  UIND  SPEED  PROFILE 
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UIND  SPEED  SUrtHARY  (IN  hPH  )  is  PERCtNTAGE  SPEED  PROFILE 

location:  CASCADE  TOUER  HEIGHT:  10  HETER3 
STARTING  TInE:   1700  HOURS 
STARTING  date:   10/19/31 
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note:  I  INDICATES  THAT  A  WEEKLY  AVERAGE  IS  FOR  FEUER  THAN  7  DAYS. 


UEEKLY  Af^D  hON'THLY  AVERAGE  UIMD  FOUER  DENSITY 


locaticm;    cascade   . 

STARTING   time:      1700  HOURS 
STARTIK'G   date:      10/19/31 


TOUER  height:      10  METERS 


WEEK    ENDING     AVG   UIND  SREED  A^'G  PRESSURE 

( HPH  )  <  MBS  ) 


Av'G  TEMPERATURE 
(DEGREES  F) 


AVG  UIND  FGUER  DENSITY 
(UATTS/SQ.  METER) 


10/24 
10/31 


*  7.22 
U.37 


253 


OCT 


11.1 


S33.1 


45.3 


166 


11/  7 
11/14 
11/21 
11/22 


9.40 

10.34 

7.34 


33 

HI 

44 

53 


NO', 


9.0 


333.1 


40.3 


73 


12/15 


9.18 
7.10 
*  4.65 


30 
13 


DEC 

7.4 

OUU  *  U 

24.6 

33 

5/22 
5/29 

7.18 
3.86 

77 

MAY 

8.0 

333.1 

43.4 

-J  J. 

6/   3 

* 

6.03 

n  ~ 

^T 

J  UN 

5.5 

333.3 

60.2 

12 

NOTE:   %  INDICATES  THAT  A  WEEKLY   AVERAGE   13  FOR  FEUER  THAN  7   DAYS. 


WEEKLY  &  fiONTHLY  UIHD  DIRECTION  PROFILE 

Nctet  The  wind  Gireclion  vslues  resd  froci  the  slrir  chsrir  were  inlerpreU 
5S  s^-scif  ied  by  the  menuf  sclurer »  i.e.?  ,25  inch  of  slriP  chsrt  lerislh 
rsFresent-ins  15  ndnules  of  direclion  data.  No  slleripl  wei  nsde  Ic  correct  wine 
direction  gsIb  to  account  for  recorder  n^otor  spsed  veristions  as  anbient 
iPRFerature  vsried.  The  srestest  sr-eed  variation  we  noted  amounted  to  +  or  - 
5.06%.  Such  3  correction  was  RiSde?  however?  in  the  wind  Sreed  dita.  Thus  the 
distribution  of  the  wind  direction  data  in  the  table  below  does  not  corresFond 
to  the  distribution  of  wind  sFsed  ever  the  saR^e  period  of  tine. 


location:  cascade 

STARTING  time:   1700 
starting  date:  10/19/S1 

iiEEK  -percentage  PROFILE  OF  UIND  DIRECTION- 


ENDING 

N 

N« 

U 

SU 

S 

SE 

E 

NE 

10/24  * 

13 

24 

36 

2 

3 

3 

9 

9 

10/31 

9 

13 

60 

15 

8 

0 

0 

0 

OCT 

9 

13 

49 

9 

4 

2 

4 

4 

11/7 

6 

29 

52 

5 

1 

1 

1 

6 

11/14- 

7 

13 

53 

15 

5 

1 

1 

1 

11/21 

5 

21 

46 

17 

6 

2 

2 

1 

11/23  * 

0 

0 

IOC 

0 

0 

0 

0 

0 

Ncy 

6 

22 

50 

12 

4 

1 

1 

3 

12/5 

2 

12 

64 

20 

0 

0 

0 

1 

12/12 

6 

17 

49 

11 

7 

4 

4 

n 

12/15 

S 

26 

41 

1 

0 

6 

10 

sensor 

nielfunctioned  durins  rena 

inder  of 

nionitorir 

i2  Feriod 

DEC 

5 

16 

54 

14 

3 

n 

3 

3 

PERIOD  tot; 

:     6 

19 

51 

12 

4 

2 

3 

3 

%   this  weeK  contains  less  than  7  days  of  direction  data? 
the  direction  sensor  was  alisned  with  the  inainetic  north  Fole 


MEAN*   HINIHUii  AND  MAXIHUH  CORRELATION  FACTORS  AND  FREQUENCY   PERCEMTAC-E  SPECTRUH, 

location:      CASCADE 
DNRC   TOUER  height:      10.0  HETERS 
NCC   TOUER   height:  6.7  HETERS 

STARTING   time:      1600  HOURS 
STARTING   date:      10/19/31 

(1.0  =   PERFECT   SITE/UEATHER  STATION  CORRELATION) 
liEEK         '-'.-CORRELATION     FACTORS-)-  FREQUENCY   PERCENTAGE  SPECTRUM  OF  C.F.'S 

ENDING       MEAN       MINIMUii       HAXIHUii  <.3     <.6     <.9  <1.2  <1.5   <1.3   <2.1   <2.4  <2.7   <3.C  >3,C 


10/24 
10/31 

*0.34 
0.37 

0.55 
0.61 

1.46 
1.31 

0 
0 

17 
0 

50 
57 

17 
?9 

17 
14 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

c 

OCT 

0.36 

0.55 

1.46 

0 

S 

54 

23 

15 

0 

0 

0 

0 

0 

0 

11/  7  0.71  0.49  1.00 

11/14  0.65  0.45  0.92 

11/21  0.65  0.31  0.91 

11/22  *0.56  0.56  0.56 


J 


0 

2? 

57 

14 

0 

0 

0 

0 

0 
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'J 

0 

57 

TO 

14 

0 

0 

0 

0 

0 

c 

0 

29 

57 

14 

0 

0 

0 

0 

0 

0 

0 

0 

100 

0 

0 

0 

0 

0 

0 

0 

0 

c 

SC'v'  0.65         0.31  1.00  0       46       42       13         0         0         0         0         0         0         C 


0.43  0.33 
12/12  0.53  0.44 
12/15       *0.64         0.33 


0.53 

0 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.62 

0 

71 

29 

0 

0 

0 

0 

c 

0 

0 

c 

1.14 

0 

67 

0 

33 

0 

0 

0 

0 

0 

0 

ncr 

0.51 

0.33 

1.14 

0 

30 

13 

1 

0 

0 

0 

0 

0 

0 

c 

cr  .'no 

0.72 
0.79 

0.53 
0.45 

1        1  "^ 

1.23 

0 
0 

40 
43 

40 

no 

20 
14 

0 
14 

0 

0 
0 

V 

0 

0 
0 

c 

0 

f'.AY 

0.74 

0.40 

1     n-r 

0 

43 

36 

14 

/ 

0 

0 

0 

0 

0 

A 
V 

6/  3 

4-A      CO 

0.40 

0.34 

0 

60 

40 

0 

0 

0 

0 

0 

0 

0 

0 

J'JN 

0.56 

0.49 

0.61 

0 

67 

33 

0 

0 

0 

•J 

0 

0 

A 

V 

STUDY 

PERIOD       0.67         0.31  1.46  0       46       36       13         4         0 

NOTE:    X  INDICATES  THAT   A  UEEKLY  AVERAGE   IS  FOR  FEUER  THAN  7  DAYS. 


MONTHLY  AND  YEARLY  AVERAGE  UIND  POUER  DENSITY  IN  UATTS/SQ.  METER 

MEAN  WIND  YEAR 


SITE  location:  CASCADE  NCC  WEATHER  STATION  LOCATION:  GREAT  FALLS 

STARTIfJG  TIME  FOR  PROJECTED  DATA:   200  HOURS  ON  1/  1/73 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  0.67 
FRCJECTED  WIND  SPDS  AT  10  METER  ELEVATION 

MONTH.  Av'G  WIND  SPEED 
( MPH ) 


JAN 

12.1 

FEB 

9.6 

fiAR 

APR 

9.S 

HAY 

9.1 

JUN 

9.6 

JUL 

7.7 

AUG 

7.8 

SEP 

3.3 

OCT 

10.3 

«CV 

9.6 

DEC 

10.8 

A'v'G  PRESSURE 

A'JG  TEMPER 

ATURE 

A'v'G 

WIND  POUER  DENSIT' 

i  MBS  ) 

(F) 

( W/n2  ) 

837.7 

24.9 

155 

837.3 

29.6 

72 

884.5 

39.5 

81 

836.9 

40.2 

89 

336.3 

59.4 

65 

837.5 

63.6 

77 

339.5 

71.4 

42 

839.0 

71.2 

43 

390.0 

53.2 

49 

839.5 

49.2 

93 

833.7 

25.2 

94 

DOT    n  no    o 


YEARLY  average: 

lOTT  O       i 


MONTHLY  AMD  YEARLY  AUERAGE  UIND  FOUER  DENSITY  IN  UATTS/SQ.  METER 

MINIMUM  UIND  YEAR 


SITE  location:  cascade        ncc  ueather  station  location:  great  falls 
starting  time  for  projected  data:  200  hours  on  1/  1/7? 
Average  site/ueather  station  correlation  factor:  o.67 
frcjected  uind  5pds  at  10  meter  eleuatiqn 

month  a'v'g  uind  speed 

<rtPH) 


JAN 

3»3 

FEB 

9.6 

ftAR 

O  ^  7 

APR 

3.3 

WAV 

itn  1 

7.2 

JUN 

7.6 

1111 

6.3 

AUG 

6.7 

SEP 

6.9 

OCT 

7    n 

uni  t 

1TW  V 

3.1 

SEC 

11.3 

AUG  PRESSURE 

A'v'G  TEMPER! 

^TURE 

A'v'G  UIND  POUER  DENSITY 

(MBS) 

(F) 

( U/M2  ) 

337.7 

6.5 

38 

837.1 

13.3 

100 

834.5 

34.7 

31 

Gu6  »  U 

40.7 

59 

836.4 

51.5 

39 

837.4 

62.9 

44 

839.5 

69.0 

24 

339.2 

63.5 

27 

890.2 

62.9 

29 

339.3 

49.4 

35 

833.6 

33.4 

43 

336.6 

34.6 

154 

YEARLY  A'v'ERAGE: 
1979  3.2 


MCNTHLY  AMD  YEARLY  AVERAGE  WIND  PCUER  DEMSITY  IN  UATT3/SQ.  hETER 

MAXIMUM  UIND  YEAR 

SITE  location:  cascade        ncc  ueather  station  lqcatiqn:  great  falls 

STARTING  time  FOR  PROJECTED  DATA:   200  HOURS  ON   1/  1/74 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  0.67 
FRCJECTED  UIND  SPDS  AT  10  METER  ELEVATION 

MONTH  A'v'G  UIND  SPEED     AVG  PRESSURE  A'-,'G  TEMPERATURE     AVG  UIND  POUER  DENSITY 

(MPH)            (M33)  (F)  (U/M2) 

583.8  19.3  237 

832.2  33.3  162 

836.2  47.1  59 

555.5  47.5  76 

836.2  66.?  53 

883.9  72.?  44 
8?0.6  62.?  23 

392.3  54.3  3? 

891.6  51.4  63 
333.3  33.7  9? 
835.5  32.5  190 

YEARLY  average: 

1974                9.9  100 
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13.1 

FEB 

13.4 

«ftR 

11.5 

APR 

8.9 

«AY 

9,4 

JUN 

8.7 

JUL 

7.3 

AUG 

6.9 

SEP 

7.2 

OCT 

8.9 

soy 

10.3 

DEC 

13.2 

hOhlTHLY  &  YEARLY  A'v'G  WIND  SFD  (  MPH  )  AND  PERCENTAGE  SPEED  FRGFILE 

HEAN  WIND  YEAR 

SITE  location:  cascade  NCC  WEATHER  STATION  LOCATION:  GREAT  FALLS 

STARTING  TIME  FOR  PROJECTED  DATAt   200  HOLiRS  ON   1/  1/73 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  0.67 
PRCJECTED  WIND  SPDS  AT  10  HETER  ELEVATION 

AUG  PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 

MONTH  SPEED    <10  <11  <12  <13  <14  <16  <13  <20  <22  <24  <26  <:23  <30  <32  <34  <36  <33  <40  >4C 

36     10       4       4       5     16 


43     13  7  6  5  10 

«r  i      1 T  =:  T  ^,  4 

\JKJ             1  ^  \J  «-f  ^J  U 

J/i-r  T  J  ^  u 

77       7  4  2  3  3 


JAN 

12.1 

FEB 

9.6 
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JUN 
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7.7 
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T  O 

SEP 

O  T 
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10.3 
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9.6 
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10.8 

10 

69 

10 

43 

13 

56 

11 

45 

o 

1 

4  5 

4  3 

3  7 

T  1  -) 


3 
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0 
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0 

0 

0 

0 

0 

0 

0 

4 

3 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

1 

5 

0 

1 

0 

0 

0 

0 

0 

0 

0 

3 

o 

3 

0 

0 

0 

0 

0 

0 

0 

0 
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3 

4 

1 

0 

A 

V 

0 

0 

0 

0 

A 
V 

A 

1 

1 

1 

1 

0 

0 

0 

V 

0 

0 

0 

0 

1 

1 

n 

^ 

0 

0 

0 

0 

0 

0 

V 

0 
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2 

2 

0 

0 

0 

0 

0 

0 

c 

V 

A 

4 

u 

4 

1 

0 

0 

0 

V 

V 

0 

0 

0 

/ 

3 

4 

0 

1 

0 

0 

'J 

V 

'■J 

0 

'J 

/ 

3 

1 

1 

1 

J. 

0 

V 

0 

0 

0 

0 

YEARLY  A'v'ERAGE: 
1973         9.6  57     11 


MONTHLY  &  YEARLY  AUG  UIND  SFD  ( iiPH )  AMD  PERCENTAGE  SPEED  PROFILE 

(ilMIHUH  WIND  YEAR 

SITE  location:  CASCADE  NCC  UEATHER  STATION  LOCATION:  GREAT  FALLS 

STARTING  TIME  FOR  PROJECTED  DATA:   200  HOURS  ON   1/  1/7? 
AVERAGE  SITE/liEATHER  STATION  CORRELATION  FACTOR:  0.67 
PROJECTED  WIND  SPDS  AT  10  METER  ELE'v'ATION 

A'v'G  PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 

(iCNTH  SPEED    <10  <11  <12  <13  <14  <16  <18  <20  <22  <24  <26  <23  <30  <32  <34  <36  <33  <40  >4C 
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1 
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3 

3 
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0 

0 

1 

0 
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0 

0 
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0 
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JUL 
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87 
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1 

1 
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SEP 

6.9 

82 

/ 

1 

3 

1 

7 

1 

1 

0 

0 

0 

0 

0 

A 

0 

A 
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■J 

n 
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3 
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0 

0 
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0 
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V 
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V 
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V 

V 
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41 
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4 

4 
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HCN'THLY  i  YEARLY  AUG  WIND  SPD  ( tiPH  )  AND  PERCENTAGE  SPEED  PROFILE 

MAXIMUH  UIND  YEAR 

SITE  location:  CASCADE  NCC  liEATHER  STATION  LOCATION:  GREAT  FALLS 

STARTING  TIflE  FOR  PROJECTED  DATA:   200  HOURS  ON   1/  1/74 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  0,67 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 

AVG  PERCENT  OF  UIND  IN  'v'ELCCITY  BRACKETS 

fiO«TH  SPEED    <10  <11  <12  <13  <U  <16  <13  <20  <22  <24  <26  <23  <30  <32  <34  <36  <3S  <4C  >40 


JAN 

13.1 

FEB 

13.4 

HAR 

11.5 

APR 

8.9 

i^iAY 

9.4 

JUN 

O      T 
u  .  / 

JUL 

T     O 

AUG 

CCD 

7.2 
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YEARLY  average: 
1974    9.9     54  11   5   5   3   3   4   3   4   1   1 


APPENDIX   I 
iversse  Yesrly  Uind  S.-eed  i^  Wind  Power  Density   si   10  ti&ler   Elevolien 


svsrsSe 

yearly   Srsed 

( (iPH ) 


cversSE'  yearly  wind 

Fouer  density 

(Ustts/Sc.  Meter  ) 


J.  1 1  'j  c:  I    h  c-  u  J.  J 1 1  o  J.     n  i.  r  r  •_'  f    V 

Dozsi^sr.  AirrCrt 

Buitp-Silver  Boc 
Ccunty  Airfort 

Cut   BsnK    AirFort 

Diilonf  BeeverhesQ 
Ccun  ty  Airrcrt 

Gl3S*c«  Intsrnsticnsl 
Gr8?;l  Fslls  Irdernslionsl 

nlPr  or  u 

Havre  City-County 
Air- or t 

Le'^istcun    Air^Grt 

Livingston  Airport 

■fiilss  City  AiTFcrt 

Superior    Airfcrt 

Ilk;  1  oh^'  '      ^■^i 


7.8 

7.6 

13.7 

10.1 

12.1 

12.3 

11.4 
11.0 
14.5 
10.1 
4.9 
13.4 


156 
63 

70 

284 

103 
174 


161 
137 
403 
103 
13 
340 


si?,  frop,  Uind  Resource  Atlest   Voluir.e   1   -  Northuest  Resion   by  Bsttelle 
Pscific   Northwest  Lsborstoryr   PN'L-3195  UERA-1  UC-60r   April   1930?   f.   76. 


APPENDIX   II 

rr    Chsrscieristic  Curvs  For   s  Holec  Uincr.slic  norj&l   143  Uind  Generslor 
Uirid  S'rr~qQ  'v'ersu5  Generator   KUh  Culr-ul 
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6PPEMDIX  III 

yifm  SITE  DEyELOFMEN'T  GUIDE 
•  Frepsred  by  Gundarson  Consul  tins  Service 
525  E.  Dsvisf  Bozav.^r\,   HT  Tel:  406/536-3502 


I.  Prelirdnsry  Fessihilily  Slud'=— Cost:  SO 

1  .  Oblsin  locsl  weslher  dsts — Banlhly  J.  yearly  sversEe  wind  speeds. 

2,  Re'-.'iew  your  eleclric  bills?  fisure  your  nsxiriun:?  rdniriuri  and  5vsrs£e  Donlhly 
eleclric  losds.  The  longer  the  period  you  revieu>  the  better. 

3.  Detersine  whsi  conservstion  riessures  could  reduce  your  electric  lo=d. 
A,    Resd  oil  the  wind  senerstion  literature  you  can  find. 

5:.  LggK  your  property  ever  and  picK  the  riost  likely  potential  wind  sites. 
As  c  rule  of  thur.b?  s  site  that  hss  5  wind  power  density  of  over  200 
«stt=  psr  SQUsre  iT.eter  and  has  s  HINIMiJM  sverese  wind  speed  of  12  HPH 
durins  st  least  si;-;  li-.onths  a  year  can  be  considered  for  develcpr.ent. 

6,.  St?,rt  to  thinK  about  how  Hiuch  of  your  electric  load  you  can  eliminate 
by  cOnSsrvation  and  hew  ir^uch  you  want  to  generate  with  wind  power. 
Decide  how  r^uch  of  your  tirie  ycu  can  devote  to  developing  &  usins  the 
uird  resource  on  your  property.  Try  to  ir;agine  how  a  wind  installatior 
ris! 

7.  Set 


■ilins  in  dollars  on  the  3":Gunt  you  are  willing  to  invest  in 


«ir 


jnsraticn . 


-  m' 


^n'':: 


■rany  and  obtain   their  policies 
acting   a  wind  generator   to   their   transmission   sys' 
such  they  will   pay  you   for   electricity  you  genersts. 


Contact  you 


=nd  procedures  for 
', .   Find  out  how 
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the  habit  of  Keeping  detailed  records  and  files. 


1!J1? 


0( 


As  3  rule  of  thu":b>  a 


;ind  site  is  a  good  prospact  for  develcp'.ent  if 
s  wind  power  density  of  over  200  watts  Psr   square  neter  and  has 
•52s  wind  speed  of  no  less  than  12  MPH  for  st  least  si>;  rioriths  per 


To  decide  whether  or 


no* 


wind  resource  warrants  investrient>  ycu 


tSH   need  a  wind  resource  study  to  Uiessure  the  wind  sPeed  end  direction 


!t  vr 


This  will  depend  en  two  factors t 


,ion 


5)  the  availability  and  auaiity  cf  e;;isting  wind  speed  and  direc 

fron  3  nearby  source?  such  as  a  National  Weather  Service  Station?  and 
b)  the  total  aniount  cf  your  proposed  investrrisnt. 


Sone  gene." 


oea 


will 


;tudy  at  a  client's  site?  others 

National 


i)    $0  -  $5?000  ^,  no  financin; 

perfcrn-  a  3-".onth  wind  speed 
rely  on  existing  data  fror-  a 
Ueather  Service  station.  Cost:  $0 
ii  )   $5,000  -  $10?000  with  partial  financing.  The  lending  institu- 
tion B.cy  want  to  see  the  results  of  a  6-rionth  wind  study  before 
approving  a  loan.  You?  too?  should  want  s  study  of  your  wind 
resource  before  borrowing  money.  SoiTie  generator  dealers 
perforiT,  such  studies  for  their  clients?  private  consultants 
do  wind  resource  studies  without  consideration  of  a  particu- 
lar wind  generator.  Cost  10  -  $2?500. 
iii)  flore  than  $10?000  with  itiSJor  financing.  An  investrient  of  this 
size  reauires  an  indeperiden t?  long-tern  wind  resource  study. 
Cost:  around  $  3?000  depending  on  tern  and  nur.ber  of  sites. 
Contact  one  or  riore  wind  generator  dealers?  the  State  energy  office  and  a 
private  consultant?  tell  then  your  invest-.-ent  ceiling  end  asK  for  their 
estirate  of  the  cost  of  various  sized  wind  generators  and  the  Quantity 
of  electricity  those  generators  could  be  expected  to  produce  under  the 


page: 


wind  snd  leir-r-er slurs  rssir-e  si  your  sils.  Gel  all  Ihe  wind  senerslcr 

brnchurssf  dsls  shsels  snd  sFecif icslions  you  possibly  Ccn. 

LooK  ever  Ih?  infGr";3liori  ycu  hsvs  coilecled>  srid^  if  you  slill  uarfl 

to  dsvelcF  your  wind  resource?  selscl  Ihe  syslei:.  which  falls  belou 

your  inveslrsnl  ceilins"  le-sves  roor;  for  eU  Ihe  olner  cosls  end 

seeiTS  r-osl  liKely  lo  produce  Ihe  si^.ounl  of  eleclricily  you  IhinK  you 

should  set  under  Ihe  condilions  si  your  sile. 

Ccnlscl  3  desler  of  the  machine  you  have  selecled.  If  Ihe  dealer 

Knons  ynu  srs   3  serious  cuslor.erf  Ihey  should  be  willing  lo 

furnish  you  the  fcllouins  infornislicn  t 

5)  An  eslinele  of  the  monlhly  ndnirur^j  ii;5>!iriur,  3nd  evsrsse  eleclric 
cuIpuI  ycu  cculd  expecl  frcn  Ihe  isnerslor  under  conditions 
described  by  the  dsls  frcr;  your  site, 
h)  An  S3lir;£le  of  sll  inslsUslionf  connection  snd  nsintenance 

costsf  snd  sn  econcrdc  analysis  shouin^  the  sssur.plions  risde  snd 
the  sslir;sted  paybecK  period  for  this  senerstcr  under  your  conditions. 
c)  Ccrplele  W3rr5nty  infornistion , 

Q)Ccr:plele  infcrir^slicn  for  utilliy/hone  eleclric  interface  connection. 
s)  Hsinlensnce  schedules  snd  their  costs. 
f)   A  53r.ple  cf  the  dealer's  contrsct  fern  or  fornis  to  cover  instsllaticnf 

elpclricsl  interface  snd  systen  startup, 
s)  A  list  of  custorers  who  have  used  the  gensrstor  Bcdei  you  sre 

IcoKina'  st  for  st  lesst  1  year  in  s  cliriste  siniliar  to  your  site, 
h)  A  descriplicn  of  the  dealer's  experience  with  the  particular 

senerslor.  A  short  history  of  the  risnufscturer  is  also  nice  to  have. 


ki 


0 
riO'.; 
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will  be  willing  to  furnish  sll  this  inforRstion  until  they 
ycu  are  seriously  interested  in  3  senerBlcr.  But  the  dealer's  first 
rss^-cns?  to  ycu  is  s  sood  ^'-'^^r.-^ 


rsspcnse  i-o  you  ib  s  sucu  indication  of  their  relisbility  and  of  the 
the  Guality  of  their  product.  The  iTiore  contact  you  have  with  the  cealerf 
the  n.cre  cf  this  inforrsalion  you  will  receive.   If  inforniation  ssens  too 
hirri  '..r.   o'el?  you  should  Consider  finding  another  dssler.  You  should 
your  Guestions  snswsred  to  your  sstisf sction. 


1 101  Q  \j'j 


expect  to  hcv.'= 


HI.    Inslollsiion?   Cpsrstion  J>  Maintenance, 
At    thi?,   pcintf   ssK   yourself   if  ycu  still   want   to  invest   in  your  wind  site. 
If    you    do  not  feel   satisfied  sbout  your  wind  prospect  st   this  poinlr 
sou  would  be  better   off  to  writs  off  sll  your   worK   to  dsle  (snd  n;oney  ss 
wellf   if  you've  had  s  wind  resource  study)   than   to   spend  110  -   100  thousand 
sore  for  3  wind  :::achine  that  does  not   senerate   the  electricity  your   invest- 
tent  depends  en,     Rerierber  that  you  can  write  off  s  business  loss  Just  ss 
easily    ss  you   can   taKe  3  ta-;  credit  for  s  renewable  energy  investir.ent . 
ftnd  finally?   ren.ind  yourself  thsl  no  generator  can  iniprove  the  wind  st  your 
site. 

If    you    decide  to  proceed  with  your   invsstiTient  plsnsf   the  first  step  is  lo 
follow    through  on   the  ccnservstion  Bessures  you   identified  st   the  beginning 
of    your   feasibility  study. 


Thenf   here?    in   general?   are  the  steps   to  selling  those  first  Kilcwslls  flowing*. 
1  )  If   you   Plan   lo  intertie  with  the  utility  system?   nesotiste   s  buy-bscK 
contrsct  with  your  utility  cor.psny.     You  will  hsve   to  have   their 
approval  of  the  electrical   interconnect  your  dealer   plans   to  use 
snd  you   may  have   to  r.eet  their   insurance  reouir events.   . 

2)  Fror  your  city/county  planning  snd  zoning  departrients  cbtain   whatever 
in=it3ll5tion   permits  or   licenses   they  reauire. 

3)  Gel  your   insurance  ssent's  advice  on  what  Kinds  of   insurance  your 
in^lsllalior;  will  need  snd  order   it. 
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'■  )  Gel   lo^lGlher   with  yoijr  deolsr   end  r-TPP=re  £  finsl  econcrdo  Enal'isis.   Con- 
siderin^i  ALL  coils?   cslcuUl?   Ihs   psabscK   period,    If   Ihs   lolsi  cost  and 
c"ci   l^^   FsybsrK   r-eriod  slill   s'ail  ycu>    then  you   Know  your   inv5  =  ln;=nt  is  c  = 
50 lid  ST;  yaij   csn   r.sKp   it,. 

5  >  Consider  hcvina   Iss'sl   review  cf   the  ccnlrscl  your  dealer   offersf    then 

nesclisie   il  wilh  your  dealer ,   This  is   also  s  bogg   line   io  nssGlisle 
3  r.oinlensnce  conf.rscU 

6  ■)  flfler  your   senerslor   is   inslslled  snd  oreroling?   hsve  your   dealer   or   an 

indepeRGcnt  ccMSijllsnt  ff-cnilor   Ihe  wind  speed  si  your   generalor   site  for 
3-6   i;.cnlhs  so  ycL:  csn   cor.pare   the  wind  power  polenlisl   during   the  period 
wilh  the  ouIpuI  fror;  your   generalor  durins   the  sarie  period   lo  delerrine 
yhplher   your   generslor   is  perforrdns  sccordinE  lo  your   expeclalions 
snd   Ihe  psnufsd'arer's  spsoif icslions, 
7)  MsKe  sure   Ihsl   the  ir:sinlen5nce  schedule  is  fclloued   and  repairs 
are   Rede  whsne'-'er   Ihey  sre  needed > 
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DescriFlion   of 

The   wind   d;l3  in   this  report  w55  ssthered  sno  rsccrcsc!  Ld  DNRC's  w-.rfC 
monilorina  system  *SSR-1   st   the  Jiirry  HcGiiUvrsi!  plsce  nsar  ChinccK?   ii-,nt£n; 
from   December    17r    1930   to  April   3?    1931, 

Natural  Power  Inc.r  Neu  Bostor,  ■  New  Hs,-,pshire;  nisriufsctured  the  reccrder 
snd  sensor  used  in  the  system  which  ^sthered  this  dsts.  The  systsri  includsd  i 
sinsis-chsnnel  strip  chart  recorder  housed  iri  s  plsstic  esse?  s  4-'-ole  cup 
snemoitetsr*  3  12-volt  wet  cell  sutoir.obile  bsttery?  arid  all  the  csbl;  rieeded  tc 
connect  the  sensor  to  the  recorder?  tr,e  recorder  tc  the  bstlery  si.d  the  entire 
system  to  a  Grounding  stsKe.  Cocirletinfi  the  systen  were  an  instrur.ent  shelter 
and  3  lO-meter   tower  with  n-ountinS  bracKet?   suy  wires  and  steKes. 

The   0Per3tinS  specifications  for   the  snerionieter   aret 
Uind   velocity  ranSet   3-  150  MFli 
TeBPerature  ren^e  -60  to  200  desrees  F, 

The   operstinS  specifications  for   the  strip  chart  recorder   are! 
TfiBPerature  rsnSet   32   to  160  decrees  F. 
Recorder   meter  J   +  or  -  IX 
Recorder   chart  speedt   +  or   -  5/C 
Response    tiiset   5  seconds  to  full   scale 

The   the  sinsle-chsnnel   strip  chart  recorder  records  a  wind  speed  rsadinS 
every  two   seconds  by  msKins  a  marK   on   the  strip  chart,     To  ri  =  !';&   the  r;:K;    an 
iBFBct  bar  striKes   the  top  side  of   the  n.eter  n^edle^   which   then   touches  preESj.-e- 
sensitive   'c^per  (a  "strip  chart")  ii.ovins  slcwly  beneath  the  needle.     Theie  dc',5 
accuniulate  on    the  niovins  paper   fcrriins  a  srar-h  cT   the  wind  speed. 

*.:i  =  :i  V-     uz'^~     Li 

32lv3nized  steel  and  suyed  by  eisht  cetley  in  a  25'  radius.  II  is  rated  tc 
withstand  winds  up  to  150  MPH, 

The  instrur.ent  shelter^  niade  of  wood  and  insulatid  with  styrcfcar./  was 
located  at  the  base  of  the  tower  to  house  the  recorder  and  balLsry  ir:  side-ci- 
side  coRPsrtrients.  The  system  was  srounded  by  a  wire  frcr.  the  recorder  tc  a 
four  foot  Galvanized  stake  driven  into  the  srcund  ne;,l  tc  the  shelter. 
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Honiiorins  tiel^.od 

On  Dec3n.bor   17f    19S0>   under   convrscl  uil,'"  D^JSCf   Gunderson   ConsuliinS 
inslsUed  DMRC'5  wind  monitoring  s'^sieni  ^SSR-1   st  the  Jerry  HcGillivrsy  f=rT, 
scuvhessl   of  ChinooKr   Hontona  (msilina  sddresEt   Rot-le   1?   Bo;-:  73?   ChmooHT 
59523).  Between   the  dste  of  instalUtion   snd  Afrii  3r    1931f   Jerry  chsrssd  the 
bilteries   and   chsnged   the  rolls  of  strip  chsrt  psper    as   they  were  filled.   The 
iBonilorins  system  worKed  according  to  specif icetions  durina   the  e.-itire 
iTiGni tcririH  period?   the  only  welfunction   W3s   in   the  bsttery  chsrssrr   which  wss 
replaced.     Jerry  fcrwsrded  the  filled  strip  chsrts   to  DNPC  end  in   June  1932j 
DSRC    contrBcted  with  Gunderson   Constiltins.  to  analyze   and  suirinarize   the  date  on 
the  strip  cherts. 

Tc  lacote  the  monitoring  site?   drive  south  fron  ChincoK   on  State  240  tc  a 
gravel  road  two  miles  past  the  city   landfill.   Turn  east  onto  the  srevsl   and 
drive  Ihree-QUorters  of  a  mile   to  a  furK.   TaKi   the  north  forK   and  continue  east 
one-QU3rter  of  s  mile   to  a  mail  box.     Turn  north  at  the  mail  bo;-:  and  drive  cne- 
Quarter  of  a  irdle   to  the  McGiUivray  fan;,  house. 
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Descrirlion    the   Dsis  Anslysis  Procedure 

Anslysis   of   the  slri;^  chsrt   q'hIs  was  den?  ^n   s  c----ui9"   s'iztes  ccn^ 
tne   followinB    itpmst    s  Scuthu^st   TcC^i  icsi   Products  CorForstio,-.   r:c--kl   CT-S2 
inlellisent  lerminab   model   69A  central   prDces?,ins  unitj    two  rodel   (iF-c?  du^I- 
sided  sinsls  density  disK   drives*   3n   InteSrsl   Dsts  Systen?    Inc.   Piodel  4-40  dot- 
roatri;:  ini^sct  Frinter   and  s  Hoi;ston   Instrurient  HI   PAD  disitizins  psq  with  =  ons- 
bulton  cursor  . 

The   strip  charts  were  di^itiz'^d  and  stored  on   5.25   inch  floppy  disKs-.   In 
this   process*    an   operator  uses   the  cursor   and  disitizar  pad  to   tr3c=  six-inch 
sesments   (referred  to  as  "plots")  of  the  uind-spesd-versus-tiris  curve  on   tne 
strip  chart  <  105  seSn.ents  per   strip  chart).   This  sends   a  streani  of  XY 
coordinates  to  the  computer >   which  receives  and  stores   then  with  an   accuracy  cf 
+  or    -  ,015  of  an   inch.   For   this  study*    the  coordirates   jere  stored  en  disK   with 
three  deciaal   places. 

After  the  strip  charts  were  digitized  the  data  was  averased   into  hourly 
uiind    speeds  as  followst   the  digitized  wind  speed  coordinates  were  coTeclsd  -f"^ 
the  nonlinear   response  of  the  strip  chart  recorder?      the  strip  chart  tins 
coordinates  were  corrected  for  variations  in   the  op&rstirjji  speed  cf  the  rsccrder 
over    the  period  of  tine  it  tooK   to  fill   the  strip  chart*    the  resulting  ccrrectsd 
hmir ly  speeds  were  averaged. 

At  the  ne;;t   level   of  analysis*    the  hourly  wind  sr-eed  data  was  sur:-.arizsd 
into    daily*  weeKly  and  iionthly  suinnaries .      To  do   this*    the  coHiPuter  read   the 
houly  wind  speed  elerients  one  day  at   a   tine  and  averaged   then   i:!t;  dsily/   wfs';:y 
and   monthly  average  wind  speed  profiles.    It  carried  individ-jEi  runnins   tclils 
for   each   suisrisry  period  to  minirdze  sverasin^  error. 

Also*   a  wind  speed  percentage   s.-eclrur.  was  caiculatid?   ai   fcllcwst    the 
coBPuter    counted  hourly  wind  speeds*    than  sorted   the";   into  speed  bracr.ats* 
sisu 1 tsneously  Keepins  a  count  of  elements  sorted  inti  eEch  bracKel  fcr   each 
tise    sunitTiary  period.   At  the  end  of   the   tine  susnary  period*    the  nurib=r   of  s.-esd 
eieiTients   sorted   into  each  spesd  bracKet  was  divided  by   the   total   count  cT 
elefTients   for    the  surii'.ary  period?    jhich  produced   ths  percar, t  cf   tire   the  uind 
blew    in  each  speed  bracKet  durins   the  period.     The  wind  spaed  percsntass 
brscKets   were   sized  to  fit  the  perfcrrisncs  of  n.ost  wind  senerators;    i.e.? 
startup  wind  speeds  between   10  and   14  fiPH?   hishly  variable  producliCM'i  u.-   to  30 


Next*   the  coHiputer  calculated  wesKly  and  Donthly  wind  pcwsr   der.sity  v;i^es 
by  averaging  hourly  wind  speed  cubed  values  for   each   sjr.nsry  Piriwd  with   the 
S3«e    Kind   of  routine  it  used  to  calculate  the  average  wii'.-d  speeds,     "''he  process 
of  calculating  wind  power  density  for   each  sun.r^sry  period  will   be  described 
later   in    this  report. 

To  correlate  data  froci  a  monitoring  site  with  data  fron,   the  nearest 
National   Weather  Service  Station*    it  must  first  be  detarrined   if   an'^  diffsrsnce 
e;;is Is  between   the  heiaht  of  the  aner.oreter   at   the  sits  and  the  heiahl  o"   the 
ere   at  the  ueather   service   station    ,   In    this   iristancs?    the  ansrouster   at   the 
nearest  station  (Havre)  is  at  6.1   meters  whiii   th^  ariSLiO'-.eter   at   the   sits  wis 
6.7   nieters.  This  difference  was  adjusted  by   the   stEridard  rsthcd  used   ir.   the 
industry?    called   the  "1/7  power   law" I 
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where  V  =  wind  speed  si  heishl  H 

V  =  Hind  speed  al  s  reference  height  h? 

N  =  1/2  fop  0  to  5  MPH  winds 
=  1/5  for  5  lo  35  MPH  winds 
=  1/7  for  winds  greater  than  35  HPH. 


and 


In  addition   to  the  variation   in   to'-jar   h^i^ht;   there  e/asts  a   linie   las  in 
weather  between   the  site  and  the  weather   service  station.     To  accor.odcte   this 
effect*   the  correlations  for  each   three-hour  period  were  avsraSed  tcsetnar    tc 
obtain  a   daily  correlation  factor.   FroR   thes5  average  daily  correlation  faclGPS* 
ueeKlyf  irionthly  and  period  correlation   averages  were  c^lculstsd.   LiKeuise* 
t^le  correlation  factor   percentage  spectrur.  and  the  eiear.r   riixiriur.  and  i;,irir.ur> 
correlation  factors  were  selected  fron  the  daily  average  correlation  factcrs> 
This    techniQue  averages  out  the  l&ad/las  weather  variations  betwc-en  two 
Geographically  separated  locations. 

To  calculate  a  wind  speed  correlation  factor*   three  hours  of  site  dita  ware 
averaged   together   to  correspond  to   the   three-hour Ij  average  readings  froo  the 
westher  service  station.   The  weather   service  reading  was  e>;tr3PGlated  up  tc  a 
sensor  height   of  6»7  meters.   Finally  the  site  three-hourly  s/srags  SPaed  uas 
divided  by  the   adjusted  westher   service  station   reading  to  obtain   a   three-hcurly 
s'^rase  correlation  value,   Eight   three-hourly  average  correlation  facicrs  uin 
a'-erased   to  produce  a  daily  averasa  correlation.   Daily  average  correlction 
ftfctors  were   then   averaged  by  the  weeK>   nionth  and  period   tc  produce  avsrase 
correlation  factors.  The  n-.eanj   niaxiniun;  and  niinirium  correlation  factoi-s  wars-- 
selected   froi:;   the  daily  average  correlaticii   factors. 

Ue  found   the  correlation  factors  between   the  ChinooK   data   and  the-Kavra 
westher  station  data  to  be  invalid.      For   one   thing?   tha   sludi  period  fraGua.':Ci 
percentage  spectrur-  is  not   the  normal   distribution  which  chsracterizis  a  valid 
correlation)   for   another*   the  r.ean   ai.d  ria,;ir.un,  correlatiGn   fEitcrs  are  r.'jch 
larger  than  would  be  expected. 


separate   then.      Havre   lies  Just  beyond   the  northwestern  ccrnar   c-*"   ' '- "^  ^■--'   >^- 
Rountains   while  Chinook   lies  near   tha  northeasta.-n  corner.   Ferha 


Ue  conjecture   that  this  lack   of  correlation   batuaen  Chinook   end  Havr; 

eastern  corner.   Ferha.-s  t.'asa 
HiOuntains   divide   the  weather   as   it  apprcaches  frori   the  north  and  northwaat. 
During  the  study  period*   this  differenca  had  a  seasonal  pattern — the   «ir,c  Srsa' 
in  Havre   moderated  as  winter   turned   tc  spring*   while   the'i  rei"iSired  fairly  stabi 
in  Chinook*  by   the   sanie  token*    the  resulting  correlations  becore  nore  and  rore 
fantastic   froiri  the  beginning  of  the  study  to   the  end  (  Decen.-bar   tc  A.-ril). 


Because  a  valid  correlation  does  not  exist  batuaeri  Chmoor,  an: 
weather  service  station*  this  report  doasri't  contain  pro-iricticr.s  o; 
average  wind  speed  and  power  density  for   Chinook. 

This   is   the  first   instance  where  ue  ha^a  found  a.'i   ir 
between  s  aonitorins  site  and  its  nearest  weather   station.      XL  is  a: 
interesting  because  the   two   locations   are   less  that  30  niles  apart, 
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HOU  TO  UNDERSTAND  THIS  DATA 

The   first  dsls  sheet  i=   the   "Uimj  SFeed  Surr^nsry  (  ],n   HPH^  &  P^rcentr^e  S'-z^i 
Profile".     This  sumnisry  sheet  gives   the  wind  sf-eed  recorded  by   the  nonitcnrfS 
system  while   it  was  at  the  site,     The  "UKLY  AVG  SPD"   column   sives   the 
sversse  wind  speed  for   esch  weeK   and  month?    and   the  wind  spsed  '-e-centaEi 
8F^eibitsBU£Si7eBii.tie5peBdebt3oteti!;ieonuBiBa>LbjtcoB9kdiihetbsnCoiliisufc6B:.-;iR3clnur,  t 

PERCENT  OF  WEEKLY  WIND  IN  VELOCITY  BRACKETS 
<10  <11   <12  <13  <14  <16  <13  <20   a.!  <24  <26  <28  <30  <32  <34  <36  <33  >38 

82       63A01140000000000 

In  this  e;'3H'^lef   the  wind  blew  between  0  and  10  HPH  82?:  of  the  tiner   it 
blew   between   10  and  11  MPH  6X  of  the  tinef   etc. 4?;  bst'-esn   12   and   13  HPl-i'   etc. 

He;;t   is   the  "Ueekly  and  Monthly  Average  Wind  Power   Density"    sheet.   This 
sheet  contains   the  weekly  and  monthly  everese  wind  speed  in   HPH  end  wind  pcwer 
density  in  Uatts  per   souare  weter  for   the  monilorinB  period.     The  averasr 
monthly  average  air  pressure  and  teniperature  are  also   listed. 

Next   is   the  "fieanj   Hininuri  and  Msxii^^ui;;  CcrreUtion  Factors  and  Frea'csncy 
Percentage  Spectruni"   su-.riary.      It  gives   the  correlation  factors  which  ccn.ra-e 
the  wind   speeds   at   the  monitoring  site  (ChincoK)  to   those  at   the  nearest  MCC 
weather  station  (Havre).     The  risht  half  of   the   tsble   is  a  "FreGuercy  Parcartas:^ 
S?ectnjni   of  Correlation  Factors"?   which  shows   the  percent  of  ccrreiation  factors 
that   fail   into  each  bracket  of   the  spectruiTi.   Correiaticn   factors   e;;'^ress   the 
wind   speed  at   the  monitoring  site  as  a  percent  of   the  wind  speed   at  the  fiCC 
weather  station.   For   e;;a!iiplet    if   the  site  wind  speed   is  5  rirh  and  the  NCC 
weather  station  wind  speed  is   IC  mph?    the  ccrrelatic.-i   factor   fcr    that   instant  is 
5/10   =  .50f   i.e.?    the  site  wind  speed   is  ZOZ  of   the  wind  at  the  NCC   station.      If 
the  wind   speeds  are  reversed?    the  correlation  factor   is  10/5  =  2,   If   the  wind 
speeds  at   the   site  and   the  NCC  station   are  eQual,-   the  ccrrelstion  factor    is 
l.OO. 

The  smoother   the  distribution  of  these  factors  across   the   spectrur.?   the 
more   valid  they  are  considered   to  be.   As  the  reader  can   see?    the  distribution  of 
correlation  factors  is  erratic  which  nieans   that   the  correlation   factors  are 
invalid  and  that  wind  speeds  at  Chinook   cannot  be  coir.pared   to  wind  speeds  in 
Havre  over   time  even   though   the   two  places   are   lesj   than   30  -.iles  apart.   As  a 
result?  we  were  unable   to  make   long-tern  projections   about  wind  patterns  in 
ChinooK, 

Locsl  residents  are  probably  aware  of  their   unusual  uc-ather   pattern   and 
probably   have   an   understanding  of   the  clauses.      It  is  possible  that  the  Chinook 
data   would  correlate  with  data  fror,   scne  other  weather   service   static-.?   psrhs-s 
the   one  in  Glasgow?    140  miles   to   the  east?   o<-    a  Csnsdisn   station    to   ths  north. 
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And   finally  are   the  fi^-e  pages   tilled?    "liind  S-eid  Sunir,sr>i   i,  In   Hr-'H)  aad 
Percenls2e  Spectrum."   These  pages   suniriarize   the  wind  speed   in   MFH  durins   the 
monitoring  period  on   3  daily;   weeKly   and  nionthly  basis  durins   the  nGnitorins 
period.      Thesa   sheets  have   the   same  -forr.Bt   as   the  yepKl'^TiGnthiy   suni^ary 
described  above. 


WIND  SPEED  SUMHARY  (IN  HPH  )  &  PERCENTAGE  SPEED  PROFILE 
location:   CHINOOK  TOiJER  HEIGHT:   10  METERS 

stafnTing  time:    hoo  hours 

STARTING  date:   12/17/80 

UEK    WKLY  AVG  SPD  PERCENT  OF  WEEKLY  UIND  IN  VELOCITY  BRACKETS 

ENDING    MPH  /  DAY     <10  <11  <12  <13  <!+  <16  <13  <2C  <22  <24  <26  <23  <30  <32  <3-^ 
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note:  «  INDICATES  THAT  A  UEEKLY  AVERAGE  IS  FOR  FEUER  THAN  7  DAYS. 


WEEKLY   AND  MONTHLY  AVERAGE  WIND  PQUER  DENSITY 

location:      CHINOOK  TOUER  HEIGHT:      10  METERS 
STARTING  time:      1400  HOURS 
STARTING    date:      12/17/30 

UEEK   EiruING     AUG  UIND  SrEED                AUG  FRESSURE  AUG  TEMPERATURE           A';G  UIND  PG'wER  DEN'SITY 

(MPH)  (MBS)                            (DEGREES  F)                      (UATTS/SG.   f^.ETLR; 

12/20                          *12.9  222 

DEC                              12.9  927.5                                 18.9                                       222 

1/17                              6.5  20 

1/24                              5.9  44 

1/31                            11.9  165 

JAN                               8.7  927.1                                28.5                                     103 

2/  7                            11.9  1S3 

2/14                            14.6  309 

2/21                            27.5  1450 

2/28                             9.4  115 

FEB                             15.9  924.1                                27,3                                     522 

3/  1          «  5.8  14 

3/  7            6.9  66 

3/14            8.4  56 

3/21            9.1  32 

3/29           13.0  216 


HAR 

10.4 

922.7 

38.1 

154 

4/    3 

*15.9 

344 

APR 

15. S 

920,4 

46.4 

304 

note:  »  INDICATES  THAT  A  WEEKLY  AVERAGE  IS  FGR  FEWER  THAN  7  DAYS. 


MEAN;   MINIMUM  AND  MAXIMUM  CORRELATION  FACTORS  AND  FRZOUENCV   PERCENTAGE  SPECTRUM 

location:      CHINOOK 
DNRC    TOUER  height;        6.7  METERS 
NCL    TOUER   height:  6.1   METERS 

STARTING   time:      1500  HOURS 
STARTING    date:      12/17/30 

(1.0  =  PERFECT  SITE/UEATHER  STATICN  CORRELATIGN) 
WEEK  <-CORRELATION     FACTORS-;-  FREGL'EMCY   PERCENTAGE   S-ECTRUM  OF   C^.'S 

ENDING       MEAN       MINIMUM       MAXIMUM         <.3     <.6     <.9  <1.2  <1.5   <1.3  <2.1   <2.4   <2.7  <3.0  >3.C 
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note:   %  INDICATES  THAT  A  WEEKLY  AVERAGE   IS   FOR  FE'JER  THAN  7   DAYS. 
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WIND  SPEED  SU^fHARV  (IN  HPH )   AND  PERCENTAGE  SPECTRUh 

location:      CHINOOK  TCL'ER  HEIGHT:      10  METERS 

STARTING   TliiE:      UOO  HOURS 

SiARTING   date:      12/17/80  • 

PERCENTAGE  UIND  SPEED  PROFILE 
DATE         AVG  WIND  SPD     <10  <11   <12  <13   <14   <16   <18  <20  <22  <24   <26   <2S   <30  <32  <34  <3i   <3;-:!   )33    * 

17  *10.5  10  HRS       AO     10     20     20     10       0       0       0       0       0       C       0       0       0       0       0       C       C 

18  13.3  29       4440     13     25       8A440000COC 

19  16.1  21       4       0       4       0       4     13     13     17     21       4       0       0       0       0       0       0       C 

20  *li.7   10  HRS       30     10     10       0     20     20     10       0       0       0       0       0       0       0       0       0       0       C 

21  NO   DATA 

UrlY    MQ=/  12.9  28       66647     15       77930000000 

DEC  12.9  28       66649     15       77930000000 

note:     *    INDICATES  THAT  A  DAILY  AVERAGE   IS  FOR  FEUER 

THAN  24  HOURS.     THE  TOTAL  NUMBER  OF  HOURS   IS  GIVEN. 
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STARTING  time:   1^00  HOURS 

STARTING  date:    1/17/81 


PERCENTAGE  WIND  SPEED  PROFILE 
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JAN  8.7  64        2344565; 

note:  *  INDICATES  THAT  A  DAILY  AVERAGE  IS  FOR  FEIIER 

THAN  24  HOURS.   THE  TOTAL  NUMBER  OF  HOURS  IS  GIVEN. 
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STfiP.TIfJG    time:      0000  HOURS 
STARTING    date:        2/  1/31 

PERCENTAGE  UIND  SP7ED  PROFILE 
■   DATE         AVG  UIND  s:='D     <10  -;il   <li   <a3   <14    :lo   <13   <20  \22  <:4   <26   <23    ;30  <;3:   <3^ 
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17   404   17   3   17   388440000   0 

0   0   0   8   4   0   0   4   8  17  13   8  13   C   3  13   4 

0040430804     25      17     25       040        0 

WHY    AyG=>  27,5  31124225439     10     12       774       7 

22  14.8  33       4       £       0       0        8       4     17     13       4        4        4       0       0       0       0        0 

23  8.3  75       0004840003000000 

24  16.1  3  13   4   4   13   8   a   3  25   4   4   0   0   0   0   0   0 

25  «10.6  12  HRS   50  17   0   8   0  25   0   0   0   0   0   0   0   0   0   0   0 

26  7.2         92   440000000   0   00000   C 

27  4.0        lOOOOOOOOOOOOOOOOCC 
23      4.6        lOOOOOOOOOOGOOOOOCO 

UMY    AyG=>     9.4  67       4313634613100000 

FEB  15.9  37       4334744555442212 

note:     *    INDICATES  THAT  A  DAILY  AVERAGE   IS  FOR  FEUER 

THAN  24   HOURS.      THE  TOTAL   NUfiBER   OF   HOURS   IS   GIVEN. 
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STARTI'iG  -^IMEt  0000  HOURS 

STi^RTIiJG  date:   3/  1/31 

PERCENTAGE  UIHD  SPEED  PROFILE 
DATE    AVG  UlUD   SPD  <1C  <11  <12  <13  <14  a6  <18  <20  <22  <24  <26  <23  <7C  <32  <34  <:.£, 

I'jO   0   0   0   0   0   0   0   0   0   0   0   0   C   0   C 


ICO       000000000000       0       000 
50       3384     2100000000000 

71       5552     12       00000000000 
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*  5.S   16  HRS 
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KO   DATA 
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NO   DATA 
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5.9 
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17 

11.6 
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5.9 

21 

9.7 

UMY    AVG=> 
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14,1 
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13.1 

25 

16.2 
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21.1 
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3.3 
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0 

0 
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0 
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17 

13 

17 

0 

C 

0 

0 

0 

0 

c 

0 

0 

c 

0 

0 
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4 

4 

0 

17 

13 
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0 

0 
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0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

0 

83 

8 

4 

0 

0 

0 

0 

0 

0 

0 

0 

c 
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0 

0 

0 

r\ 
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4 

17 

3 

8 

25 

3 

17 

13 
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0 
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0 

0 

0 

c 

c 

UKLY    AVG=>     8.4  61       9       8     10 
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0 

0 
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4 

0 

0 

0 
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8 

0 

0 

0 

0 

0 

0 

c 

0 

0 

0 

83 

4 

4 

0 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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13 

0 
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8 
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13 

0 

0 

0 

0 

0 

0 
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■J 
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3 

3 
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c 

0 

0 
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A 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

53 

8 

4 

0 

0 
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13 

4 

0 

4 

0 

0 

0 

c 

c 

0 

0 
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33     13 


67 

0 

0 

0 

4 

0 

17 

4 

4 

0 

4 
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0 

4 

0 

0 

0 
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4 

0 

0 

13 

33 

0 

8 
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0 

4 

4 

4 

0 

4 

3 
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4 

0 

0 
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0 

4 

3 

3 

13 

25 

79 

3 

4 

3 

0 

0 

0 

0 

0 

0 

0 

50       8       4        4        4       4      17 
iKLY    AyG=>  13.0  47       4        4        2        2       4      12 
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4 
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V 
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17.3 

0 

13 

4 

21 

13 

17 

4 

4 

4 

0 
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4 
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4 

3 

0 

T 
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4 
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0 

0 

4 

0 

0 

c 

MAR  10.4  53       656457412221CC0C0 

note:     *    IDDICr    ES   THAT   A   DAILY   AVERAGE   IS   FOR  FEliER 

THAN  24   HOURS.      THE   TOTAL   NUMBER  OF   HC'JRS    IS  GIVEN. 


Survey  of  Wind  Power 

at 

The  Jim  Salmond  Place,  Choteau,  MT 
September  9,  1980  -  December  8,  1980 


FOR 

MONTANA  DEPARTMENT  OF 

NATURAL  RESOURCES  AND  CONSERVATION 

Renewable  Alternate  Energy  Program 
Grant  #  82-1016 


Gunderson  Consulting  Service 

525  East  Davis  St.  •  Bozeman,  MT  59715 

(406)  586-3502 


»  i  1 1  ■  J      u  o  ; 


1  /"  L  1 '_'  "i 


in    this  rer-r.pt  uzz-   s-il'mrer,  o'lo 


Sepier.bsr   9?    19S0   1g  D^can.b&r   G.    17SC 


u  ;  1  '  J      r  -L  c 


:e  n^: 


Hsiursi  pGUsr  Inc.?  f!eu  Bcstcny  Keu  Hs^tiKshire^  minufsctured  i'-.^  record 
snd  53n?.Gr5  us&d  ir,  ihs  ST;5t5.-.  which  ssthsrsd  this  dii,;  ,  Ths  5z3te.-.  inclL'd 
fficdel  All-132   dusl   slrip  chsrl  recorder   housed   inside  a  -.cdel   A?5-003   rissi 


ic 


iT.odsl   A75-.104   ^-Fole  cu?  sneFiorieter »    5  n.cQei   n/^-jUi   uinc  cirec 


5  en?- or' 


12-vcil  wet  ceil  sutorobile  bsltery^  end  eil  th; 


i.e  ne= 


the  recorder?    the   recorder    to    the   cettrr'i   eno   tr. 


sysie"   to  a  sroundinS  siaKe.     Con.pletins   the  e^ater  were   an   ine'.rLi'.erii. 
shelter   snd  e   10-i;.eter    tower   with  n^ountine  brecKetr    sjy  wirei  and  steK 

The   Orerstionsl   Srscif icaiions  for   the  ncdel   A7b-3-jl   oirectic",   se; 
Tsii^^erature  rsnset   -55   to   170  dsereee  F 


The   GPerstionsi   Srecif icaticns   for    the  ^odrl   A75-104  anero'-ter   aei 
Uird   velocity  ranSe'   3-150  tiFH 
TePFersture   rana'e   -60   tc  2C0  deeirees   F. 

The   cperstiGnal   srecif ics-.icna  for    the  -icdel   All-132  atri?   chart  recc-c 
sra!        Ttei.Fereture   ranae;   32   to   160   daareaa  F. 

Recorder   chart   ar-eed;    I   or   -  S/l 

R  e  s  r  c  n  a  e   u  1 ".  e  V    J   a  e  c  0  M  0  a   t  'J  T ' j  i  i   a  c  c;  i  a 

The   atri?   chart  recorder  records   a  wind  s:^eed  end  direction   reacina  evi 
tuo   seconds  bv;  SisKina   a  r.arR  on   the   pressure  sensitive  stri?   char^  pa-er   as 
crc5ass  a  n-etal  "late.      To  meKe   the  iT.erK  ?   an   iripsct  bsr   striKes   the   tc-    sid= 
the   meter   nesdlesf    one   for   wind   s?eed   and  one  for   wind  direction?   w.iicn    v,r.er 
1 0  u  c  h  t  he  s  e  n  s  i  t  i  •-'  e  f  a  per. 


tower  was  a   10-".eter  Rioio  ShscK   teleacopins  Tv   ar 


salvanized  steel   and  siuyad  b'i  eiaht  cablea   ir 
withstand  winds  up   to   150  MFH. 


r  a  0 1  u  s  V 


The   instrur.ent  shelter »   n^ade  of  wood  and   insjlated  with   at'^^rcfca- '   wa: 
locstsd  5t  the  base  of   the   tower   to  house  the  recorder   and  battery   m   side- 
side   con-partiT-ents  >     The  systeii;  was  ar'ounded  by  a  wire  fror.  the  recorder   to 
fcur    foot  saivanized  ataKe  driven   into   the  around  next  to  the  shelter. 


H      g — 3' 


On   S5Fls-.b5r   9?    ItSO*   under   ccnirsct,  with  DNRC?   GundsrsGn  ConsuUini 
in^isiied  wind  iT'CniiorinS  syslen.  ?D3R-2  zl   t.h;   Jir.  Silr.cnd  fcsr.  w&ii  of   Cho- 
^Gnlsnsv    (f^aiiins   3ddr?55*    Bc;;  6C6?    CrcUsuj    ric 
inslsllolion    snd  DeceiTibsr  3?    19S0?   Jii:.  chsr 
rolls  of  strip  chart  fsper   55  Ihsy  wars  fill&d>   H5  maiUd  Ins  filled  striF 
charts  to  Gund&rson  ConsuitinS  who  revis'^ad  then    for    5iii"ia  of  SGuipriant 
malfunction?    then   deiiversd  then,  to   the  Rensysble  Ensrsy  Bureau  ef  DHRC.      In 
■June   1-S2  the  Ii£?-3rt-.ent  contracted  ^itn  Gunderson   Corisolti-ii  to   enii'^z?   an^ 


GR8   iT;ile   south  of  Chctaau,     Follow   this  road   13   to  20  iralea  to  a  forK,      FgIIgv 
the   south  fork   touard  Deep-  CreeK   and   ths  Belview  School    tuo   to  three  r^ilaa? 
then    Gn=-hslf  n-ile  west. 


DsscripiiG:^  Iho  DeU  Analysis  Proc&dure 

^.nslysis  of  ibr-.   s^riF  chert  C3i5  was  dons  on  e  cor^Fuler  s'isiar-  ccn-FOSsd  cf 
i;-5  foIlG'^i-ig  ilsnst  3  Soijlh','c-?l  Technicsl  Prcducis  Corr-crslioi-i  rodel  Cr-S2 
inisllideni  lerransl'  n-ode-l  69A  central  rTQces  =  ins  unit?  Iwo  rcdsl  rT-A?  dusl- 
sided  'j.iniSle  dsnsity  disK  drives?  an  Intsarsl  Dstz  a'Jstir.?  Inc.  Dodel  440  dot- 
rsiri--:  irpsct  printer  snd  ?.  Hauston  Insirui;:snt  HI  PAD  disiiisins  pad  uith  a  cne- 
b'.jticn  cursor. 

The  strip  charts  usrs  disitizad  and  stored  on  5,25  inch  floppy  disKs,  In 
this  process?  sn  cpsrstcr  uses  the  cursor  snd  disitiser  Fed  to  tree?  si:;-inch 
segrents  (referred  to  ss  "plots")  of  the  wind-spesd-versus-tire  curve  on  the 
strip  chert  (105  sssrents  'r=:r-   strip  chert).  This  sends  e  strees  of  XY 
coordinetes  to  the  co-puter?  which  receives  and  stores  then,  with  an  accuracy  of 
+  or  -  .015  of  sn  inch*  For  this  study?  the  cocrdinstes  were  stored  on  disK  uith 
three  dscinsl  plsces. 


iBo   y  1  n 0  s r 


dinstss  were  correcte 


the  nonlinear  response  of  the  strip  chart  recorder?   the  strip  chart  tire 


•_  U  ■_■  I  '  J  A  M  O  ' 


cor  re 


„4  ^^'  -P-,, 


variations  in  the  operatin: 


of  the  recorder 


.  To  !jO   this?  the  corputer  read  the 
.7,5  pfid  averaaed  then  into  daily?  ueeKl'r 
lasv  It  carried  individual  runnins  totals 
iinirizs  averaSins  sr-'-cr  , 

Also?  3  wind  speed  percentase  spectruir;  was  calculated?  as  followst  the 
ccrputer  counted  hourly  wind  speeds?  then  sorted  thee  into  sPeed  brecKets? 
simultaneously  Keepins"  3  count  of  elersnts  sorted  into  each  bracket  for  each 
ti'5  surrary  period-,  At  the  end  o'f  the  tire  surT.ary  period?  the  nurber  of  spsed 
eler.ents  sorted  into  each  speed  brecKet  was  divided  by  the  total  count  of 
elsHients  for  the  surgery  period?  which  produced  the  percent  of  tiri&  the  wind 
bls'-;  in  each  speed  bracKet  durins  the  period.  The  wind  sPeed  percentas.e 
brar!':sts  wsre  sized  to  fit  the  perforpsnce  o'*"  nost  wind  ssnerators?  i.e.? 
startup  wind  speeds  between  10  and  14  MPH?  hishly  variable  production  up  to  30 
^^PH  and  general ly  flat  perforrance  at  speeds  greater  than  30  HPH, 

Ne;;t?  the  corputed  calculated  weekly  and  ronthly  wind  pojer  density  values 
by  averasins  hourly  wind  speed  cubed  values  for  each  surrary  period  with  the 
sar.e  Kind  of  routine  it  used  tc  calculate  the  aversse  wind  speeds,  The  process 
of  celculating  wind  power  density  for  each  surx.sry  period  will  be  described 
later  in  this  report-. 

The  weekly  3nd  (i.onthly  wind  direction  sun^r.aries  were  prepared  ranuslly 


frcr  the  ranks  rade  by 
on  strip  chart.  (One  t 


•e  wind  direction  needle  on  the  eisht  direction  tracks 


en 


.he  strip  chart  is  assiaineo  to  each  octant  of 


.ne 


ccrpass — f'?  NE?  E?  SE>  etc.  ).  For  each  sur.rary  Period?  the  operator  counted  the 
nurber  of  auarter-inch  (15-rinute)  ir.erks  in  each  direction  track  on  the  strip 
chart  at  the  sare  tire  he  digitized  the  wind  speed  curve.  He  then  divided  the 


in  all  direction  tracks  durins  the  sere  period  to  derive  the  percentage  of 
tire  the  wind  blew  in  each  octant  for  the  sur-nary  period. 
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Tg  corrpiavS  da-.s  frcr    3  r 'nilGrins  sila  with  data-  frciT-   tha  nearasl 
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,8r5  uhils   the  snarorEler 


.,-.,-     f"!    -a4-~.-        TK-;  -     ,-N -t 


^*, 


n    c: 


an  f-p 


as   adJi-islsd  b'J  the  sisndsrd  rislhod  ussd  m   the 


inri 


L  o  X  i.  'zr  !j      'v  I  1  z^         J. .'  /       r  'J  w:^  1        i  3  w      ^ 


Win 'J     ^r^<tU     Ov     o     1    tiwi    ztmLw     I:^!.::.!.^     i. 
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In  odditicn  io   the  variation  in  toyar  heisht?  there  exista.  a  tir^e  las  in 
.'esthsr  betysen  the  -aita  and  the  westhsr  service  station.  To  accctodste  this 


effect 


:Dr 


jiations  for   each 


»h"C=,-Kr^ 


■•xur   period  ucre 


tosether   to 


'J  L"  '.  J  4. 1 1      c     •  J  c  4.  i  3      i_  Ij  I    r  C  i  O  'y  i  L-  J  1       1  o  u  '^  ^ 


Frcr;  these  sverase  daily  correlation  factors? 


!-:seKly?  Hionthiy  and  period  correlation  sverases  were  calculated  >  LiKeuiss? 
the  CGrrelaticn  factor  rsrcentaSe  sr-ectru".  and  the  nieanf  na/UEur  and  r:inir;;.i-i 
correlation  factors  were  selected  fror,  the  daily  aversss  correlation  factors* 


This  tschn- 
seosT 


y.\}r: 


avenases  out  the  iasd/Ias  weather  variations  b&tv.een  tuo 


Lons : 


ralculate  a  wind  speed  correlation  factor;  tnr 


yeathsr  service  station.  The  weather  service  readins  was  extrapolated  up  to  a 
sensor  heisht  of  10  r.eters.  Finally  the  site  thnee-hourly  everasis  speed  was 
divided  by  the  adJsted  weather  service  station  readins  to  obtain  a  three-hourly 
svsrss's  correlation  value-  Eisht  three-hourly  averass  correlation  factors  were 
averased  to  produce  a  daily  average  correlation.  Daily  avsrase  correlation 


^l  »„^   ,.^,^„   (  K 


en  averassd  by  the  wesKj  Fionth  3^6  period  to  produce  averesa 
correlation  factors.  The  rr-ean»  r^axirMji:;  and  ji^iniDur:  correlation  factors  were 
salacted  fror  the  daily  S'-'erese  correlation  factors. 


The  final  level  of  data  analysis  was  prcJection  of  r^eKir.ur:*  rinirur.  an; 


•.  f.  IT,      —.■•(—.  »(rN4^   ^+   <'1r*^ 
yZMC      at    'J  'J  I  I  '^  :>   'J  I   w.  i  1 1 '. 

a  tsn  year  period; 


;hich  can  reasonably  be  stpected  at  the  Donitorins  site 
In  this  process?  both  wind  speed  and  wind  power  density 
were  projected?  by  applying  the  Bonitoring  period  correlation  factor  to  the  wind 
speed  data  fror;  the  previous  tsn  years  at  the  National  Ueather  Service  Station 
at  Gore  Hill  in  Great  Fells,  To  project  wind  speed?  three-hourly  average  speed 
data  fror  the  weather  station  was  extrapolated  to  an  elevation  of  10  r.eters? 
-ultiplied  by  the  monitoring  period  correlation  factor?  then  averaged.  For  wind 
power  density?  each  three-hourly  average  speed  was  first  cubed?  then  added  into 
the  running  total  used  to  calculate  the  average  wind  power  density.  Sar-arete 
running  totals  of  the  three-  hourly  averages  were  Baintained  for  both  the 
iTonthly  and  yearly  averages* 


The  rost  useful  statistic  to  corpare  the  potential  of  several  sites  is  the 
;ind  power  density.  But  even  though  wind  power  density  is  by  far  the  r.ost 
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lind  s'^nsrj'.ar   sits  ssleciionr    il   is  usuall'i   ihr: 


l  =  ?si  used  t:'  ivind  csvelc^^srs  ■    Uind   pcusr 


lily   is  dsrinsri   sst 


P=  (1/2  )fK'; 
!^he"s  P  =  i-jind  PGUsr  density 

'■  =   sir  dsnsil-y 

y  =  u;ind  s^eed  ' 

K   =  s  Frorcriicnslily  constsnl  used  to  rssolvs  differences  m   urats  of   the 
vsrious  eauslicr   ierr.s 
Note   ihsl   sir   density  f   is   defined   est   f  =  A/( RT  ) 
where  A  =  atrosFheric  Fressure 

P  =   icssl   S3S  ccnstantj   fcr   air   is  2S3-,7  Jculs/ks;  degree  Kelvin 

T  =   sbsulute  air   tsr.Ferature. 


The  final   ucrKins  version   cf   this  er-'iatior;   is! 

A  V   (  .01547) 


P= 


(5/?)(T-32)  i  273.15 


uhsrs  A  =  3'-ereSe  sir  Frsssure  in  miilihsrs 


U  =  t: 


.■erase  of  the  three-hourly  MPH  wind  sF&ed  resdinss  cubed 


T>-j5  reason  wind  Fower  density  is  a  better  basis  than  aversSe  wind 

s-==d  for  selectins;  a  site  for  a  wind  senerotor  becor-es  clear  throusih 

ijndsrstandins  the  SGuation  for  wind  Fower  density  siiven  above.   It  shoua  that 

4  V^ 


-r..-.,er  m  tr.e  wind  snof  tnsreroref  the  Fcuer  that  can  be  sbaoi  bed  fi-or  the 


therefore: 
*ind  by  a  «ind  senerstory  is  FroFortionsi  to  the  cube  of  the  uind  SFsed.   If  st: 


»  r,  /-. -1  ,^,1  1  :  ) 


>   he 


iis  «ird  SFsec  is  usee  lo  csicuis'.e  vne  uind  Fouer  density)  the  av6ras:e 
i   ri-ss  all  the  instsrstsnsous  wind  sFeeds  above  the  averese  SFeed  uith  aii 


iFeeds  belou  it  on  a  lin 


e  c  r  Sua 


le.  Uhsn  th 


le  d\ 


c  c  c 


a'z.^ 


peed  is 


cubed  it  will  yield  a  -.uch  lower  value  than  if  each  instantaneous  uind  sFeed 
were  cubed  and  then  all  the  cubed  speeds  averaged.  The  follcwinE  exapT-le 
illustrates  this  fact:  aviarsSina  the  foUouins  nur.bers  (  0»9>  15»31  »23fl4f6>4y0 ) 
5nd  cubing  the  result  yields  a  value  of  1630.  Cubins  each  nup.ber  and  averasins 
the  cubed  values  yields  a  value  of  6541.  f-'ote  the  aircunt  of  error.  The  ionaler 

ind  Fousr  density  the  srester  the  error  in  the 


tr,; 


verages  useo  m  Frojectinsi  w 


uind  Fcwen  density  becores. 

The  above  eciuation  for  wind  Fousr  density  also  accounts  for  the 
difference  in  air  density  between  the  susT.r.er  and  uintsi^  ronths  by  its  use 
of  ronthly  averas'e  sir  teRFerature  and  Fressure  to  calculate  Eonthly  uind 
Fowsr  density-.   In  addition?  it  accounts  for  the  sir  density  at  the  site  as 
related  to  elevation  above  sea  level r  sssur.ing  the  site  elevation  does  not 
significantly  differ  fror  that  at  the  Hationsl  Ueather  Service  Station. 

The  :;:onthly  and  yearly  maMiBur;.?  r.iniir.uri  and  average  wind  year's  sFeed  and 
percentage  SFeed  profiles  were  calculated  in  the  sare  ranner  as  the  Fercentese 
SFeed  Frofiles  previously  discussed:  The  cnly  difference  being  that  the  data 


^rarireo  w; 


^ar  of  National  liesther  Service  Station  3-hour  ly 


evsrsses  and  that  the  surxisry  periods  sre  by  the  nonth  and  year. 


The  r;:Onthly  and  yearly  average  wind  speed  percentage  profile  is  the  r.cst 

useful  iter,  in  the  report  for  estimating  the  actual  ouput  of  5  wind  generator 

at  the  rionitoring  site.  See  the  Data  Use  section  for  a  description  of  this 
r;.ethodi 
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e  oeniiUes   si  olhsr   sites   in    Ir.e   stele,    ( Ccrpe;  iscn   of 
uind   rouer  dsnsilies  pra'fides   Lns  bsii  riclure   of  hou  Qi-;e  site's  Fctsniiei 
cc'Feres  uith  others*) 

f'S;a»   esiirete  the  pouar  aijtr-Lit  ycu   nisht  G;:'ecl  frcn  a-  perticuler   wind 
sen^retcr  instelled  st   ho'jc   site.     You   will   neso   the  senerstor  r.snu fecturer' s 
:^ind-s?^'^d-y-4rs!JS-?Civ;-r    output   srsph?    or    "poutr    cherscteristic  curve'    es   it   is 
5or&ti."-5s  C3lled  <Arppndi;;   II   is  such  s  curve  for   e  Holec  liinoinetic  rodei    143 
^inii  ssnsrstr^r  )'    end   the   ''Aver-sse  Monthly  end  Yssrly  Uind  Speed  sr;d  Percer.tese 
Sfssd  Prcf'ile''   of  your   site.      FgIIgu   the  procedure   in   the  &;;ei!;Ple  belcu   to 
sstip.sts  yesriy  (or  iTiOnthiy)  seneretor   ouput.      Then?    to  celculste  e  doilsr   velue 
cf  the  pouer   thet  seneretor   r.isht  Senerete  linder   the  ccnditions  et  your   site? 
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yeer-   et  speeds  in   the   less-then-lO-f^PH  brscKet.      For   the  sscoiid  brscKst?    t^e 
:^irid  blev;  .05  X  8?760  =  433  hours  st   speeds  between    10   ood   10.99   fiPH.    This 
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brscKet  end  then  use  the  Power  Chsrscteristic  Curve  to  find  the  seneretor 's 
Fowsr  output  for  sech  sssocieted  r.idpoint  spesd:.  The  r.idpoint  of  esch  vslocit': 
brscKet  hss  been  rounded  to  the  nearest  f^,PH  for  convenience  belou. 


filDPOIfJT  CF  UELCCITY  BRACKETS  ( f,PH ) 


11   12  13   14   15   17   19 


m        nn       nc; 


29  31 


35  37  39  41 


0   0   0   2   4   7   11   17   21   27  33   39  45  50  55  59  60 
GENERATOR  OUTPUT  (  KU  )  FROfi  PCUER  CHARACTERISTIC  CURVE 


To  do  the  fmel  step*  multiply  the  nu'^ber  of  hours  in  eech 
brscKst  by  the  ssnerstor  output  snd  add  all  of  the  cuputs  together  to  chtsir  th 
total  senerstor  output  for  the  period*  whichf  in  this  e.^srple?  is  one  yeer. 
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displsced  bv   Ihi?  ganar-stGr  .3t  3  sil5  with   this  uir.d  sps&g  Frofilaj   rijlii-l'i   Ine 
V3iue  cf   Ih?  eleclncily  by   th;?  totrl   FrGcuclicri.      In   this  c;.  =  rr-l5  uc-  uiU   ues 
$.0t25/KUh  for   the  unit  vilus  of  disrlsc&d  elsctr  iciti;;    thsr&fGre?   the   total 
vil'is  c"   the   6i^?l5cz6  elpctricit'i  woliIg  be  i3?235.G9  Fsr  yssr. 
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HOU  TO   UNDERSTAND  THIS  D^TA 


The   first  dsts  shael   is   Ihs   "Uind  SFeed  Suniniir'i  (in   riFH)  i  Fercentsse  Srsed 
Thi5   suniiTisry  sheet  ^ives  the  wind  spesd  rscorded  b'i   the  -.onitonns 
■^■iil5T,i  -hile   it  was  st   ths  site,      The   "WKLY  AUG  SPD"   colunm   sives   tha 
oV9r335  wind  speed  for   esch  week   snd  month?   and  the  wind  speed  perceritsse 
^fectruR   sives   the  percent  of   tinie  durins  thst  weeK   the  wind  was  biouins  in 
ororticular   wind  Sr&ed  brscKet.   For   e;;smFle»   consider   the  follcwins  spectrun; 

PERCENT  OF  WEEKLY  UIND   IN  VELOCITY   BRACKETS 
<10    <11    <i2   <13  <14  <16    aa  <20  <22  <24  <26   <23   <30  <32  <34   <36  <33  >33 

32       63401140000000       0       00 

In   this  weeK's  exariple?   82%  of   the   tinie  the  wind  blew  between  0   and   10  fiPH? 
the   tir.e   : 

The   !i;ulti-p3se  supaary  titled  "Uind  Speed  SurfHiary  (in  MF'H )  and  Percentage 
Srectr^jM"    contains  daily*   weeKly  and  nicnthly   average  wind  speeds   and  a  wind 
SPsed  percsntsge   spectrun^  for   each  speed  averese.     This  surj^iary   should  be 
interpreted  in   the  sar.e  n^snner   as   the  preceedine  supinary. 

Gn   the  suri&sry  sheet  titled?    "UeeKly  and  Monthly  Average  Uind  Power 
Dsnsit'i?"    the   last  coiuHin  sives   the  weekly  and  niOnthly  sverase  wind  power 
d5Rsit'i  st  the  site  during  the  rionitcrins  period*     The  averase  wind  speed  in 
"i?h   is  si  so  shown  . 


The   S!jrir;,3ry   sheet   titled?    "UeeKly  i.  honthly  Uind  Direction   Profile?"   sives 
ths   3ppra;;ir;^5te  percent  of   tiir^e   the  wind  was  blowinsi   in   esch  of   the  3  different 
CGSP3SS  directions  d'jrins  the  Ronitorins  period.     (Please  note   that   these 
directions  are  based  on   n^asinetic  North?   not  seosraphic  North,) 

The    "Hean?   Hinii;;u"i  and  MaxinuiTr  Correlation  Factors  and  Frecujency  Percentas.5 
Sfectnjn"    su-.riary  is   the  statistical  core  of  the  report.      It  sives   the 
correlation   factors  which  cor^pare   the  wind  speeda  at   the  n.onitoring  site   to 
those  at    the  nearest  NCC  weather  station.     The  riaht  half  of   the   table  is  a 
"Frecrusncy  Percentage  Spectrun;  of  Correlation  Factors"    for   esch  tirie  period? 
yhich  shows   the  percent  of  correlation   factors  that  fall   into  each  bracket  of 
the   spsciruTi.    The   sn.oother   the  distribution;    the  more  valid   the   correlation 
fsctors. 

These  correlation   factors  express   the  wind   sPeed  at   the  site  as  a  percent 
of  the  wind  speed  recorded  at   the  S3n:e   tir.e  at  the  NCC  weather   station.   For 
e/:su;p-let    if  ths  site  wind  iv-eeo  is  5  iiiph  and   the  NCC  weather   station  wind  sPeed 
is  10  sph?   the  correlation  factor   for   that  instant  is  5/10  =   .50?    i.e.? 
the   site   wind  speed  is  50:i  of  the  wind  at  the  NCC  station.      If   the  wind  speeds 
are   reversed?    the  correlation  factor   is   10/5  =  2,      If   the  wind  speeds  at   the 
site    and   the   NCC   station   are  SQual?    the  correlation   factor   is   1.00, 

Next?   there   are   three  sheets   titled?    "Monthly  and  Yearly  Average  Umd  Power 
Density   In  Uatts/Sc,   Meter".   The  first  one  Sives   the  average  ("Mean   Uind  Year'")? 
the   next   sives   the   lowest  ("Mininj-i  Uind  Year")  and  the  third  sives  the  highest 
('fisxiftuiTi  Uind  Year")  wind  power   density   liKely   to  occur   st  the  site  over   a   ten- 
yesr    period.    If   a  site  owner   is  ccnsiderins   installing  a  wind  senerstor?    these 


uind    Fcw?r  c'ensit.y 


riO', 


Ihr  senerslcr    outrut  c;n  b?   skf! 
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;i:i   yssr    to  yi^sr. 
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Ihsre   3r6  three  suir^r^sries   litled?    "fionlhi'i  and  Yearly  AveraSs  Uinc 
G  Psrc&nlBSS  S?e3d  Profile*"   Like   the   Ihr&s  Freceedins  suiir^rieij 
h  the  -;e3r,?   -.ini^.ur;   and  n.siiir.uF:  wirid  years.      But,  uhile   the 
Frecesdins  siiu^r.ariei  2511^312  wind  Fouer   density,    these  estinste   wind  SFsed 
sversaes — the  ".een?   u^min^ur-  and  Ks;;ir;U!T:  monthly  and  yearly  average  wind  sFeeda 
liKely  to  occur   st   the  site— and  arranse   thee-  by  Fercenta!iS   into  velocity 
brscKets.     To   interpret   the  velocity  bracKetsr   see   the  description   above  of   the 
'"-'ind  SF9ed  Sur^r^ary  and  Fercentas-e  Speed  Profile". 


SUE 


The   Data   Use   section   of  this  report  contains  directions  for   usins   thess 
5ri8<5   to   estinate   the  mcnthly   and  yesrly  output  of  a  wind  senerator 


ofsr^tin?;  at   a  heiaht  of   10  n^eters  (33  feet)  under   the  san^e  conditions  as   those 
found  at    the   site.     Since  ir^ost   senerator   touers  are   taller   than   10  netsrs  and 
siPCR  yind  sFeed  3nd>    therefore?   wind  po'-;er   increase  as  the  heisht  above   the 
Surface 
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PERCENTAGE  SPEED  PROFILE 


LOCATICfK      CHGTEAU 

r_-T,<&TTMr    TT~r. 

%_■   r  nA  I    A.  itu       I    Lit.-. 

cTAC'TTsir    nrrc* 

O  1  rtiN  t   X  liu     vn  I  i_  . 


TOU'ER  height:      10  HETERS 


IHDING 


SPD 
HPH   /   DAY 


;io  <11  <12 


-r\U:_iTi      Ui       y*i_ui*Ui      Wj-itL*      ill      vi-Lvjiwj.li      01".  ri._:\t_iij 


3 

<u 

■:i6 

<13 

'."■  ">  "1 

<24 

::;2A 

<23 

<30 

<32 

4 

0 

1 

X 

4 

0 

0 

0 

0 

0 

0 

S 

7 

7 
/ 

9 

1 

1 

1 

1 

3 

1 

Zt 

7 

4 

/ 

9 

1 

9 

0 

0 

0 

■.Jt     '.w-C 


9/20 
9/27 


10.0 


43 
61 


11,1 


1        1 


10/    4 

12.3 

46 

6 

1 

4 

6 

5 

4 

10/11 

10.3 

59 

3 

5 

r 

3 

4 

6 

9 

10/13 

12.0 

33 

3 

/ 

9 

3 

14 

15 

6 

10/25 

9.2 

65 

7 

4 

4 

4 

.J 

1 

1 

9 

sj 

X 

0 

0 

0 

1 

1 

1 

0 

1 

1 

0 

0 

OCT 


10.2 


1        1 


11./  1 

9.3 

71 

4 

3 

1 

3 

6 

3 

9 

1 

1 

■L 

11  /     o 
11/       t-' 

19.0 

1 

^ 

1 
1 

4 

2 

12 

1 

6 

4 

IT 

11/10 

S14.4 

33 

2 

4 

4 

11 

13 

0 

4 

/ 

4 

11/22 

16.9 

33 

5 

6 

3 

1 

o 

3 

3 

3 

1 

11/29 

14.2 

44 

IT 
J 

T 

-7 

5 

-J 

4 

4 

w 

u 

0 

0 

1 

T 

0 

J 

1 

16.: 


12/ 


6.1 
16.2 

1  X    »  ^ 


JC 


1 

1 

1 

0 

0 

o 

7 

5 

4 

0 

0 

0 

0 

13 

DEC 


I1UIL-.      +      litUxwHii-^      Inrii      rl     wt-ui\(-i      Hvi-r\r1'jC      i»j     lUiA     iu<4i_r«      tfinn     /       L'rtiO. 


I  r.    c  p  r  r  Ti 


I T !  I  r.    c  p  r 


±ii     Ml    11  /     nil  L'     I    L-i\UUiT  1  ri>-?:_     Ji    i_u  i  1  -J: 


^3tni\iiiTL3     liiiL-*        i/\;v    nuui\^ 


I  UwCf.    ni-ibnl  *        i'J    rn_ii_r.3 
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1.  QbUin  locsl  wesihsr  gsIb— iT,nnihly  i;  yecPK'  sv&rssG  wind  Srs&ds. 

2.  F:=vi9y  your  electric  billsi  fisure  your  n.S/iir.un-?  niininup.  snd  ev; 
electric  loeos.  The  lonser  the  period  you  revieu?  the  better. 

ic"  ;T.ec';uree  CGuld  reduce  ycur  electric  leer 
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Fessibility  Study— Costt  50  -  ?3?000 
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b)  the  total  srcunt  of  your  proposed  investrent. 

i'    ^0  -  iOfCOO  0.  no  finsncina;.  Sor.e  senerstor  dealers  will 

psrforr;.  s   3-r;.onth  wind  speed  study  st  a  client's  site?  others 
rely  on  existing  dsts  frori  a  nearby  site  such  as  a  fJational 
Uesther  Service  station.  Cost:  jO 
ii)   fSsOOO  -  SIO7OOO  with  partial  financins.  The  lending  institu- 
tion pay  want  to  see  the  results  of   a  6--rDnth  wind  study  before 
gpppovins;  3  loan.  You?  toO)  should  want  a  study  of  your  wind 
resource  before  borrowing  Foney.  Sore  senerstor  dealers 
perforr^  such  studies  for  their  clients-  privste  consultants 
do  wind  resource  studies  without  consideration  c*"  a  particu- 
lar wind  senerator.  Cost  $0  -  $2?j00. 
iii)  More  than  p10?000  with  naJor  finsncins.  An  investnent  of  this 
size  reQuires  sn  independent?  lonS-ter":  wind  resource  study. 
Costt  around  5  3?000  depending  on  terr  and  nu^iber  of  sites. 
Contact  one  or  r.or9  wind  senerator  dealers?  the  State  enersy  office  and  a 
privste  consultant?  tell  their;  your  investf^ent  ceilinsi  and  esK  for  their 
estirste  of  the  cost  of  various  sised  wind  ssnarstors  and  the  quantity 
of  electricity  those  ssnerators  could  be  expected  to  produce  under  the 
wind  snd  ter.perature  reSir.e  ^i   your  site.  Get  all  the  wind  senerator 
brochures?  data  sheets  end  specifications  you  possibly  can, 
LooK  over  the  inforr.aticn  you  have  collected?  and?  if  ycu  still  want 
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^l  f-is  ■^oint^  5sK  yourself  if  ycu  still  went  to  invest  in  your  wind  site. 
I-f  ycL;  do  not  feel  setisfied  ebout  your  wind  prosrect  at  this  point; 
you  UGuid  be  better  off  to  write  off  ell  your  worK  to  date  (end  noney  ee 
yell?  if  you've  bed  5  wind  resource  study)  than  to  zi^eni   $10  -  100  thocsend 
rors  for  5  ^ind  M>echine  thel  does  not  generate  the  electricity  your  invsst- 
!;er!t  derends  en.  Rerei'ber  thst  you  can  write  off  a  business  loss  Just  as 
easily  as  you  can  taKe  a  tsx  credit  fo^  a  renewable  ensrsy  investment. 
And  finally?  rerdnd  yourself  thst  no  senerator  can  ir prove  the  uind  at  your 
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Thc'i,  here?  in  general'  ere  the  steps  to  getting  those  first  Kilowatts  flov^inst 

1)  If  you  Plan  to  intertie  with  the  utility  systei'.?  negotiate  a  buy-bacK 
contract  with  your  utility  cor.psny*  You  will  have  to  have  their 
approval  cf  the  electrical  interconnect  your  dealer  ple."is  to  use 

and  you  r.sy  hsve  to  r-eet  their  insurance  rec.uirer  ents. 

2)  Fror  your  city/county  planning  and  zoning  dspartrents  obtain  whatever 
instaUsticn  perri.its  or  licenses  they  require. 

3)  Get  your  insurance  agent's  advice  on  what  Kinds  cf  insurance  your 
installation  will  need  and  order  it. 

4-)  Get  together  with  your  dealer  end  prepare  a  final  eoonoric  analysis.  Con- 


sicenns  hll  cq 


its?  calculate  the  paybacK  period.  If  the  total  coat  and 


and  the  PsybacK  period  still  suit  you?  then  you  Know  your  investrent  is  as 
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id&r   hsvins   irssl   review  cf"   iha  cciHrscl  •iour-   dealer   ef^frri?    (.hsn 


l,U       llTi'.-    -IC-  ■ 


6^   A-^i?r   yc'jr   ssnsra'.cr    i^    in:t=l.].5d   and   c:^erBtirsy    hiv*^  yGi.;r   desler   or    an 
ir:d5?snd=r.l  ro'-syltint  !;.Dnit,cr    Iha  wind  9:^560   at  your   ssriSrclor   site  fo!- 
3-6   r.onlh^   so  ycj   can   ccrrsrs   tbs  wind  Fouc-r   rolsntial   durins   ih&  raricc 
wi^h    I..h5   OuiPiil  frrir    your   sensra'.cr   diirina   Imp   5a,:,6   F&riod   to  dalerrana 
yl"eih=r  your   3£nsr5lor   is   rerforiians  scccrdins   to  your   exy^cctatioria 
oTid  iHs  r:5n;.'ia-c'.-!jre!"' 5  s'ecificatiGna  , 

~)  ?^aK9   sure   Iha-l  lh»  r.sinlensnce   achadule   la   foiiowad  a:id  rspaira 
STc   n-sd?  wh^nevrp   thsb'  sr?'  n&sdsdi 
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Description  of  Eauir-niBnl 

The  wind  oBla  in  this  reFcri  wbs  salhEred  sno  recorded  b'i  DNF.C's  uind 
»,cnitcrin3  S'list-er;,  *[iSR-3  si  the  Helen  and  Gordon  Usller  plsce  nejr  Circle? 
r.ontsns  fron,  Hsrch  26,    1931    to  July   13>    1931. 

Nstursl  Power   Ino   K'ew  BosLonn   New  HBiiiFshire*   r.-enufactured  the  recorder 
and   sensors  used   in   the  system  which  ssthered   this  dets.     The  s'isten  includes',   3 
scdel  All-132  dual   strip  chsrt  recorder   housed  inside  s  riooel   A95-003  plestic 
esse?   3  Rodel  Arj-104  4-Pole  cup  snenior.eter »   a  ir.odei   A7j-301   uind  directicn 
sensor  f  s    12-volt  wet  ceil   sutoriobile  bstteryf   snd  all   the  cshle  needed   to 
connect  the  sensors   to   the  recorder ?    the  recorder   to   the  bettery  end  the   entire 
systeHi  to  s  srcundins  stsKe.     Corspletins  the  system  were  en   instrurient 
shelter   snd  e   lO-n.eter   tower  with  niountins  bracKel;   suy  wires   and  stsKes, 

The  opsrationel   specifications  for   the  n.odel   A75-30i   direction   ssnscr   are: 
Ter-perature  rsn^et   -ZZ  to   170  desrees  F 
Rssolulicnt   4-5  desrees 

The   operational   specifications  for   the  nodel   A75-1G4   aneniorieter   ar-et 
Uind   velocity  ranset   3-150  KPH 
Temperature  ranse  -60   to  200  desrees  F. 

The  operational   specifications  for   the  r^odel   All-132   strip  chsrt  recorder 
are!       Ter.perature  ranSet   32  to   160  desrees  F, 
Recorder   ;;.etert   +  or   -   V/, 
Recorder  chart   speed  J   t  or   -  5  a 
Response   tir.et   5  seconds  to  full   scale 

The   strip  chart  recorder   records  a  wind   s?eed   and  direction  reading  every 
two  seconds  by  !;,aKins   a  (T.srK   on   the  pressure  sensitive  strip  chart  paper   es   it 
crosses  s   r.etal  plate.     To  niaKe  the  n.arKf   an   ir.pact  bar   striKes   the   top   side  of 
the  i;:etsr   needles?   one  for  uind  speed  and  one  for  wind  directicn?   which   then 
touch   the   sensitive  paper. 

The   tower  was  a   10-r.eler   Radio  ShacK   telescc^ins  TU  antenna  r.est  n^rj^  of 
slslvsnized  steel   and  suyed  by  eisht  cables   in   a  25'    radius.      It  is  rated  to 
i^ilhstsnd   winds  up   to   150  MPH. 

The   instrun.ent  shelter »   n.ade  of  wood  and   insulated  with  stycfcar,'   was 
.located  at  the  base  of  the  tower   to  house   the  recorder   snd  bsttery   in   side-by- 
'sice   cccparlr.ents.     The  systeni  was  grounded  by  a  wire  frcfr;  the  recorder   to  = 
four   foot  salvanized  staKe  driven   into   the  sround  next  to   the  shelter. 
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Mom  lor  ins  Helhoo 

On  December  IBn  1930r  under  conlrecl  wilh  DNRC?  Gunderscn  Consullin.^ 
inslslled  wind  monilorins  sysleni  *D3R-3  si  the  Helen  and  Gordon  Uelier  fsrr. 
northwest  of  Circlef  MontsHS  (RiSilinS  Bddresst  Circle?  HTr  59215).  Between  the 
date  of  insteilstion  and  July  13?  1931?  the  Wallers  chsrsed  the  bstteriesj 
chsnSed  the  rolls  of  strip  chsrt  F5Per  as  they  were  filled;  end  nsiled  the 
filled  strip  charts  to  Gunderscn  Consultins  to  be  reviewed  for  siSns  of 
eriuiPii.ent  mslfunction .  Gunderson  Consultins  then  delivered  thso  to  the 
Renewable  Energy  Bureau  of  DNRC.  In  June  1932  the  Department  contracted  with 
Gunderson  Consultins  to  analyze  and  surir.arize  the  data. 

Durins  the  seven-n.onth  Hionitorins  period?  seven  strip  charts  were  filled 
with  data.  Gunderson  Consultins  analyzed  the  four  which  were  filled  uher;  the 
teniperature  ranse  was  most  favorable  to  proper  operation  cf  the  recorder.  Thus? 
the  isonitorins  period  is  frcr,  Decen.ber  through  July  while  the  study  period  is 
flarch  through  July. 

To  locate  the  Ronitcrins  site?  drive  into  Circle  on  Slate  Highway  200  and 
turn  north  at  the  Mini-Mall  onto  State  Secondary  252.  Follow  252  north 
and  west  for  12  siles?  then  turn  north  for  another  six  Hiiles?  then  turn  west  for 
one  Kiils  until  the  road  ends  at  the  Ualler  farn. 


E5uipfi,ent  History 

On  July  1?  1931?  Gordon  Waller  discovered  that  the  needle  for  the  wind 
direction  channel  of  the  strip  chart  recorder  was  broKen  off  and  reported  il  to 
BN'RC.  The  present  analysis  of  the  strip  charts  revesls  that  no  wind  direction 
data  had  been  recorded  since  3  p.nii  (2000  h.  )  on  May  13?  1931.   In  Oclcber? 
1931?  the  recorder  was  shipped  to  the  irianufacturer  to  replace  the  broKen  needle. 
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Descririicn  the  DeIs  Analysis  Procedure 

Anslysis  o^  ih?  st.rir  chart  osis  wss  done  on  a-  coi-iFuler  s'isten  copfcssg  of 
ihs  folloyins  ilstr.st  3  SculhuE-st  Technical  Products  Corr-craticn  r.odel  CT-82 
intelligent  terndnal?  n.od£l  69A  central  processins  unit>  two  niOdel  MF-69  dusl- 
sided  sinslle  density  disK  drives f  an  Integral  Data  Sister?  Inc.  Dodel  440  dot- 
rstrix  ir^P'cCt  printer  and  a  Houston  Instrun-ent  HI  PAD  disitizins,  pad  uith  a  one- 
button  cursor. 


A^ter  the  strip  charts  were  diaitized  the  data  was  averased  into  hourly 
wind  speeds  as  fcUowst  the  disitized  wind  '^r-sad   coordinates  were  corrected  for 
the  nonlinear  response  of  the  strip  chart  recorder?   the  strip  chart  tiF:e 
coordinates  were  corrected  for  variations  in  the  operating  spsed  of  the  recorder 
over  the  period  of  tirie  it  tocK  to  fill  the  strip  chart?  the  resultinS  corrected 
hourly  speeds  were  averaged. 

At  the  ne>;t  level  of  analysis?  the  hourly  wind  speed  data  was  sui-r.arized 
into  daily  weeKly  and  r-onthly  sur.raries.  To  do  this?  the  corputer  read  the 
houly  wind  speed  elements  one  day  at  a  tir.e  and  averaged  then  into  daily?  ueeKly 
3nd  r;onthly  average  wind  SPsed  pro"^iiss.  It  carried  individual  running  totals 

:o  !;;inirire  a^'eragins  error. 


cor.puter  counted  hourly  wind  speeds?  then  sorted  ther^  into  speed  brackets? 
simultaneously  Keeping  a  count  of  elerents  sorted  into  each  bracKet  for  each 
titre  surgery  period,  At  the  end  0"f  the  tire  surXiary  period?  the  nur/oer  of  spsed 
elerents  sorted  into  each  speed  bracKet  was  divided  by  the  total  count  of 
elerents  for  the  sursary  period?  which  produced  the  percent  of  lirie  the  wind 
blew  in  each  speed  bracKet  during  the  period.  The  wind  SPsed  percentage 
bracKets  were  sired  to  fit  the  perfcrr.ance  of  tost  wind  ssntrators?  i.e.? 
startup  wind  speeds  between  10  and  14  MFH?  highly  variable  production  up  to  10 
f^PH  and  generally  flat  perforr.ance  at  speeds  greater  than  30  f^PH, 

Next?  the  corputed  calculated  weeKly  and  ronthly  wind  Power  density  values 
by  averaging  hourly  wind  speed  cubed  values  for  each  sur.^ary  period  with  the 
sar.e  Kind  of  routine  it  used  to  calculate  the  average  wind  speeds.  The  process 
of  calculating  wind  power  density  for  each  sur.rary  period  will  be  described 
later  in  this  report. 

The  weeKly  and  r.onthly  wind  direction  5un:n3ries  were  prepared  r-.anually 
fror  the  r.arKs  ir.ade  by  the  wind  direction  needle  on  the  eight  direction  tracKs 
on  strip  chart.  (One  tracK  on  the  strip  chart  is  assigned  to  each  octant  of  the 
cor.pass — N?  N'E?  E?  SE?  etc.  ).  For  each  sur.r-sry  period?  the  operator  counted  the 
nurber  of  Gusrter-inch  (15-r.inute)  ;TarKs  in  each  direction  tracK  on  the  strip 
chart  at  the  sare  tire  he  digitized  the  wind  speed  curve.  He  then  divided  the 
total  nurber  of  it^arKs  in  each  direction  tracK  by  the  total  nur^ber  of  rarKs 
in  all  direction  tracKs  during  the  sare  period  to  derive  the  percentage  of 
tire  tho  wind  bleu  in  each  octant  for  the  sunnary  period. 
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Tc  ccrrslote  dais  fror*  s  itioniloring  site  with  dsta  fro';i  the  nearest 
Nslicnsl  Ueslher  Service  Sislionr  it  must  first  be  deterriined  if  sny  difference 
exists  between  the  heisht  of  the  snenion.eter  et  the  eite  end  the  heisht  of  the 
one  3t  the  weather  service  station  .  In  this  instsnce?  the  aner.crieter  at  the 
nearest  station  (liiles  City)  is  st  12.19  nieters  while  the  snerioneter  at  the 
site  was  10  riieters.  This  difference  was  adjusted  by  the  standard  riethod  used  in 
the  industry?  called  the  "1/7  power  law"; 


V 

V 


h 


N 


«here  V  =  wind  sF-eed  at  height  H 

V  =  wind  SF-eed  at  a  reference  heisht  h? 

n  -  1/2  for  0  to  5  HPM  winds 

=  1/5  for  5  to  35  MPH  winds 

=  1/7  for  winds  sreatsr  than  35  HPH. 
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In  addition  to  the  variation  in  tower  heisht?  there  exists  a  tine  las  in 
weather  between  the  site  and  the  weather  service  station.  To  ecconodate  this 
effect?  the  correlations  for  each  three-hour  period  were  averaged  together  to 
obtain  3  daily  correlation  factor.  Frori  these  average  daily  correlation  factors? 
weeKly?  it-onthly  and  period  correlation  averases  were  calculated.  Likewise? 
the  correlation  factor  percentage  spectrum  and  the  niean?  maxinuiti  and  niinir.ur 
correlation  factors  were  selected  fron  the  daily  average  correlation  factors. 
This  techniGue  averages  out  the  lead/lag  weather-  variations  between  two 
seosraphically  separated  locations. 


To  calculate  a  wind  speed  correlation  factor?  three  hours  of  site  data  were 
5v=rsHed  together  to  correspond  to  the  three-hourly  average  readings  fror,  the 
westher  service  station.  The  weather  service  reading  was  extrapolated  up  tc  a 
sensor  height  of  10  meters.  Finally  the  site  three-hourly  average  speed  was 
divided  by  the  adJsted  weather  service  station  reading  to  obtain  a  three-hourly 
average  correlation  value.  Eight  three-hourly  average  correlation  factors  ware 
sversgsd  tc  Produce  a  daily  average  correlation.  Daily  average  correlation 
factors  were  then  averaged  by  the  weeK  ?  nionth  and  period  tc  produce  average 
correlation  factors.  The  useen?  UiaxiriUD  and  miniPiuri  correlation  factors  were 
selected  frnr.  the  daily  average  correlation  factors. 


The  final  level  of  data  analysis  was  projection  of  Rsxiriuni?  riinir,ur>  and 
sversgs  siTiOunts  of  wind  which  can  reasonably  be  expected  at  the  ricnitoring  s 
over  a  ten  year  period-.  In  this  process?  both  wind  speed  and  wind  power  den 
were  projected?  by  applying  the  monitoring  period  correlation  factor  to  the 
speed  data  fror.  the  previous  ten  years  at  the  National  Ueather  Service  Stati 
ot  the  Miles  City  airport.  To  project  wind  speed?  three-hourly  average  sp&s 
data  fror;  the  weather  station  was  extrapolated  to  an  elevation  of  10  neters? 
i;.ultiplied  by  the  n.onitoring  period  correlation  factor?  then  averaged.  For  w 
pc«er  density?  each  three-hourly  average  speed  was  first  cubed?  then  added  i 
the  running  total  used  tc  calculate  the  average  wind  power  density.  Separate 
running  totals  of  the  three-  hourly  averages  were  maintained  for  both  the 
r.onthly  and  yearly  averages. 


itc 

sity 

wind 

on 

d 

ind 
nto 


The  most  useful  statistic  to  conpare  the  potential  of  several  sites  is  the 
wind  power  density.  But  even  though  wind  power  density  is  by  far  the  Dost 
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ij^pful  5l?li5*,ic5l  icDl  for  wind  senerstor  siU  ssleclionr-  it  is  us'Jclly  the 
lesst,  used  by  wind  develoF-srS'-  Wind  power  density  is  defined  est 

3 
P=  (  1/2  )'-!'■'< 
vhsre  P  =  wind  Fcuer  d-rnsity 
r  =  sir  density 
y  =  wind  speed 

K  =  5  proportionslily  corstsnt  used  to  resolve  differences  in  urdts  of  the 
vsricus  ecTu-jticn  terr.s 
N'r».e  thot  cir  density  p  is  defined  5st  p  =  A/(  RT ) 
where  A  =  strospheric  pressure 

P  =  idesl  ^ss  ccnstsntr  for  sir  is  233.7  Joule/KS  desree  Kelvin 
T  =  sbsGlule  eir  tenperature. 

The  finsl  wcrKinS  version  of  this  eauelion  ist 

A  V  (  .01547) 


P= 


(5/9)(T-32)  +  273.  IJ 


A  =  3-'er5ge  sir  pressure   in   ir.illibsrs 


II 


the  EversEe  cf  the  three-hourly  MPH  wind  speed  resdinss  cubed 


T  =  sversse  teripersture  in  decrees  F. 

The  reason  wind  power  density  is  s  better  bssis  thsn  sversse  umd 
speed  for  selecting  s  site  for  3  wind  senerstor  beconies  clesr  through 
understsndins  the  eoustior;  for  wind  power  density  siven  above.   It  shows  thst 
the  power  in  the  wind  sndr  therefore?  the  power  thst  csn  be  shsorbed  froi'.  the 
wind  by  s  wind  generstor?  is  proportionsl  to  the  cube  of  the  wind  spsed.   If  sn 
S'-'ersse  wind  speed  is  used  to  cslculste  the  wind  power  density?  the  sveraie 
speed  ri-es  =11  the  instsntsneous  wind  speeds  sbcve  the  s'-'srsse  speed  with  ell 
the  instsntsnecus  speeds  below  it  on  s  linear  scale.  When  the  svsrsSe  speed  is 
Cubed  it  will  yield  s  r,uch  lower  value  than  if  esch  instsntsneous  uind  speed 
were  cubed  end  then  sll  the  cubed  speeds  sveraSed.  The  following  e>;5n>.ple 
illustrstes  this  factt  aversging  the  following  numbers  ( 0»9» 15>31 ?23»Uf 6?4f 0  ) 
snd  cubing  the  result  yields  3  vslue  of  1630.  Cubing  each  nur.ber  and  svsrsging 
the  cubed  values  yields  a  value  of  654-1.  Note  the  arount  of  error.  The  longer 
the  averages  used  in  projecting  wind  power  density  the  greater  the  error  in  the 
wind  power  density  beccres. 

The  sbove  e^uatior  for  wind  power  density  also  scccunts  for  the 
difference  in  sir  density  between  the  suiT.rer  and  winter  nonths  by  its  use 
of  ronthly  average  sir  ter.perature  and  pressure  to  calculate  nonthly  wind 
power  density*   In  addition'  it  accounts  for  the  air  density  at  the  site  as 
related  to  elevation  above  sea  level?  essur.ing  the  sit^  elevation  does  not 
significantly  differ  fror  thst  at  the  National  Ueather  Service  Station. 

The  ir.onthly  and  yearly  njaMiBurr.?  Kiniir.un  and  average  wind  year's  speed  and 
percentage  speed  profiles  were  calculated  in  the  sare  risnner  as  the  percentage 
speed  profiles  previously  discussed;  The  only  difference  being  that  the  data 
being  surrsrized  was  a  year  of  Naticnsl  Ueather  Service  Station  3-hour ly 
sversges  and  that  the  sur.r.ary  periods  are  by  the  ronth  and  year. 

The  n.onthly  and  yearly  average  wind  speed  percentage  profile  is  the  ricst 
useful  iter  in  the  report  for  estirating  the  actual  ouput  of  a  wind  generator 
at  the  ncnitoring  site.  See  the  Data  Use  section  for  3  description  of  this 
c-ethod. 
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Firslf  rsfsr  to  A?-?endix  I  and  corFsre  the  sversss  wine'  Fcuer  densils  si 
your  Ronilcred  siia  to  the  densities  si  other  sites  in  the  stele.  ( Ccrr-eriscn  of 
wind  F-ower  densities  provides  the  best  r-ictui-e  oT  hou  one  site's  polentisl 
cor.Fsres  with  othsrs.  ) 

Ns>;t>  estiF.ote  the  p-ower  output  you  ndsht  e/.pect  fron  s   perticuler  wind 
Ssnarstcr  instslled  si  your  site.  You  will  need  the  Benerstor  n.snufscturer' s 
uind-speed-v^rsus-poyer  output  ^nsph?  or  "pousr  chsrscteristic  curve'  ss  it  is 
son8tir.Es  called  (Appendix  II  is  such  5  curve  for  e  Holec  Uindinstic  Dooel  I'^S 
uind  5ener?lor)»  snd  the  'Aversse  Monthly  snd  Yesnly  Uind  Speed  snd  Percentsse 
Speed  Prcfils''  of  your  site.  Foilou  the  procedure  in  the  exerple  belou  to 
sstin.ste  yesrly  (or  HiOnthly)  s'eneretor  ouput.  Then?  to  celculste  s  dcllsr  vslue 
of  the  po'-er  thst  sensrstor  r.i^ht  Senerste  under  the  conditions  st  your  site? 
multiply  the  estir.sted  genenelor  output  b^   the  vslue  of  the  electricity  you 
would  be  displscins. 

In  the  following  s>:sr;ple  use  the  Power  Chsrscteristic  Curve  in  Ar-psndi;',  11 
snd  the  followins  snnusl  wind  speed  percentsSe  spectrun; 

PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 
<1Q   <11  <12  <13  <U  <16  <13  <20  <22  <24  <26  <23  <30  <32  <34  <3S  <40  >40 

41   5   9   4   5  12  10   5   3   2   1   1   1   1   0   0   0   0 

The  first  step  is  to  convert  these  snnusl  percsntsse  fisures  into  the 
nurter  of  hours  per  yesr  the  wind  blew  in  esch  brscKet.  Multiply  the  percent 
vslus  fro;-  the  percsntss's  SPeclrur  by  the  nun.ber  of  hours  in  s  yesr?  (365  X  24  = 
SfZiO  hours  in  3  yesr).  The  wind  blew  .41  X  Qj'^oC  =  3'j'?i.6  hours  dorins  the 
yesr  st  speeds  in  the  less-thsn-lO-MPH  brscKet.  For  the  second  brscKet?  the 
wind  blew  .05  X  3^760  =  433  hours  st  speeds  between  10  end  10.99  MFH>  This 
process  csn  he  continued  for  esch  brscKet  of  the  spectrur-.  The  finsl  result  will 
IogK  liKet 

PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 
<10  <11    <12    <13  <14     <16  <13  <20    <22   <24    <26  ...  <34  ... 

3j591.6  433  733-4  350.4  433  1051.2  876  433  262. S  175>2  37.6  ...   C  ... 
NUMBER  OF  HOURS  THE  UIND  BLEU  IN  EACH  PERCENTAGE  BRACKET 

The  next  step  is  to  sssiSn  s  MPH  vslue  to  the  riddle  of  esch  vslccity 
brscKet  snd  then  use  the  Power  Chsrscteristic  Curve  to  find  the  ge'nerstor'' s 
power  output  for  ssch  sssocisted  i.idpoint  spsed;  The  radpoint  cf  esch  velocity 
brscKet  hss  been  rounded  to  the  nesrest  MPH  for  convenience  below. 

MIDPOINT  OF  VELOCITY  BRACKETS  (MPH) 


0   0   0   2   4   7  11  17   21  27  33  39  4 

GENERATOR  OUTPUT  ( KU )  FROM  PCUER  CHARACTERISTIC  CURUE 

To  do  the  finsl  step?  n.ultiply  the  nuii-ber  0*"  hours  in  esch 
brscKet  by  the  senerstor  output  snd  sdd  sU  of  the  ouputs  tosether  to  ohtsir  the 
tctsl  benerstor  output  for  the  Period?  whichr  in  this  exsrple?  is  one  yesr. 
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MIDPOIf.'T  OF  VELOCITY  BRACKETS  <  ^PH ) 
5  11   12  13     U    15    17    19    21    23    25    27    2?    31  33  .., 

0   0   0  701   1752  7358  9636  7446  5519  4730  2891  3416  3942  43S0  0  .., 

F'ERIGI!  GENERATOR  OUTPUT  ( KUH  )  PER  BRi^CfET 

In  this  e:-sr.rls'  the  senerotor  oul'ul  for  Ihs  tolsl  r^sricd  (one  ys^r  )  is 
51.771  KL'h.  To  find  the  velus  of   ths  eleclncily  which  uculd  Ihecrslicsily  be 
di5?^lscsd  bv  this  gpnerslor  si  a   site  uith  this  uind  si^eed  Frorils>  riulti^iy  the 
vslus  of  the  electricity  by  the  lot3l  producticn.  In  this  e>;;FT-l5'  ui;  uili  us9 
$.062j/KUh  for  the  unit  vslue  of  displaced  electricity.;  therefore?  the  totsl 
value  of  the  displsced  electricity  would  be  $3?235.69  ?er  yeer. 

However y  msny  factors  other  then  the  cost  of  the  senerstor  snd  the  value  of 
disi-lsced  electricity  must  be  considered  to  KsKe  s  realistic  evelustior  of  the 
econor-ics  of  uind  electric  senerslion  et  your  site — factors  such  ast  the  one- 
tiF.B  costs  of  site  FTei^eretion  (land  rentalf  road  ir.Frover.ent»  pouc.'  line 
installation  and  connection  )y  iesal  feeS'  charges  for  the  founoaticnj  freisht 
charses'  fees  for  inspection  and  systen  checKoutr  end  the  continuous  e.'r-er.sss  of 
ins'jrsnce.-  operation  and  maintenance.  The  follcwins  bresKdoun  sivsa  a  broad 
suideline  for  the  cost  of  a  larses  scale  uind  develor-r entt 

Generator  and  Blade  Asserbly  -  57a 

Tower  and  Site  Access  -  ll'C 

Foundation/Site  Preparation  -  9': 

Cpsrations/Meintenance  -  9X 

n  i  3  T I  '  J  a  w  y  '-  I  I  cr '_  i .  'J  L.  '.  u/« 

Other  -  4% 

i»  J  U  L  r  V .  c  I  t  (v   1  r  Q  n  n  r  '  J  i  V  o  0  i.  O  1 1  i.jj 

Source:  fron  publication  SERI/SP-732-723  pulbiishsd  by  the  Solar  Energy  Research 
Institulej  October  1930. 

Not  all  of  these  costs  uill  apply  in  the  sare  percentages  to  every 
installation?  but  the  likelihood  is  always  a  slocd  that  other  costs  uill  occur 
in  their  place. 

As  a  rule  of  thurbf  s  uind  site  that  has  a  wind  power  density  of  over  200 
watts  7-=zr   sauare  r.eter  snd  has  a  r-ininu;:.  average  wind  spsed  of  12  MPH  for  at 
least  siv.  r.cnths  T^-'ir   year  should  considered  for  uind  developr.ent.  The  final 
decision  to  develop  your  wind  potential  is  an  investrent  decision  which  deserves 
the  sar.e  decree  of  careful  analysis  as  you  sive  any  other  developrent 
inv^estrenl,  Appendi/  III  is  a  suggested  wind  electric  sieneration  develcpr.ert 
guide. 
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HOU  TO  UNDERSTAND  THIS  DATA 


The   first  dsia  sheet   is   the  "Uind  Speed  Sumni3ry  (in   HPH)  &  Fercentsse  Speed 
Profile"  t     This  suiTiHisry  sheet  sives   the  wind  speed  recorded  by   the  nionitorins 
systPiT,  while   it  wes  st  the  site.     The  "UKLY  MQ  SPD"   column   sives   the 
oversss  uind  speed  for   esch  weeK   3nd  month?    snd  the  wind  speed  percentsse 
spectruri   sives   the  percent  of  tine  durins  thst  weeK   the  uind  uss  blowing  in 
3  Fsr ticLilsr  wind  speed  bracket.  For  exaniple?  consider   the  followins  spectrurit 

PERCENT  OF  WEEKLY  UIND  IN  VELOCITY  BRACKETS 
<10   <11   <12  <13  <14  <16  <13  <20  <22  <24  <26  <28  <30  <32  <34  <36  <33  >33 

32       63401        140000000000 

In   this  weeK' 5  ex3i;iple»   82%  cf   the   tine  the  wind  bleu  between  0  and  10  HPH? 
6:  of  the  tiRe  it  bleu  between   10  snd  11  MPHj   ZZ  of  the  tine  between   11  snd  12 
MPH?    4:  between   12  snd   13  HPH?   etc. 

The   i;;ulti-psse  supKsry  titled   "Uind  Speed  Suansry  (in  HPH)   snd  Percentese 
Spectrin;"    contains  daily?   weeKly  snd  monthly  average  wind  speeds   and  a  uind 
5reed  percentage   spectruir;  for  esch  speed  averass.     This  surinisry  should  be 
interpreted  in   the  53!;.e  c^anner   as   the  preceedins  summsry. 

On   the  sumRsry  sheet  titled?    "UeeKly  and  Monthly  Average  Uind  Pouar 
Density?"    the   last  colur^n   sives   the  weekly  and  monthly  averase  uind  poyer 

?  site  during  the  monitor  ins  period.     The  aversse  uind  SrSii  in 
-.own . 

The   sums.sry   sheet   titled?    "Weekly  &  Honthly  Wind  Direction   Profile?"   sives 
the   3Pprc;;ir;ste  percent  of   time   the  wind  was  blouins;  in   esch  of   the  3  different 
cosposs  directions  durins  the  monitoring  period.     (Please  note  that  these 
directions  are  based  on   maanetic  North?   not  seosrsphic  North.  ) 

The    "Hean?   Hinimum  and  Maximum  Correlation  Factors  and  Freauency  PercentcS,s 
Spectrum"   summary  is  the  statistics!  core  of  the  report.     It  gives  the 
correlation  factors  which  compare   the  uind  speeds  at  the  monitoring  site   to 
those  at    the  nearest  NCC  weather  station.     The  right  half  of  the   table   is  a 
"Frequency  Percentage  Spectrum  of  Correlation  Factors"   for  each  tine  period? 
which  shews  the  percent  of  correlation  factors  that  fall   into  each  bracket  of 
the   spectrum.    The   smoother   the  distribution?    the  more  valid   the  correlation 
fsctcrs. 

These  correlation   factors  e;;pr8ss   the  wind   sPeed  at   the  site  as  a  percent 
cf  the  wind  speed  recorded  at   the  same  time  at  the  NCC  weather   station.   For 
exsmplet    if   the   site  wind  sPeed  is  5  mph  and  the  NCC  weather   station  wind  speed 
is  10  BPh?   the  correlation  factor   for   that   instant  is  5/10  =   .50?   i.e.? 
the   site   wind  speed  is  50:c  of  the  wind  at  the  NCC  station.      If  the  wind  speeds 
are   reversed?    the  correlation   factor   is   10/5  =  2.      If   the  wind  speeds   st   the 
site    and   the   NCC  station   are  enual?    the  correlation  factor   is   1.00. 

Ne;;t?   there   are  three  sheets   titled?    "Honthly  and  Yearly  Average  Wind  Power 
Density   In  Uatts/Sa,   Meter".   The  first  one  gives   the   average  ("Mean   Wind  Yeer'' )? 
the   next   gives   the   lowest  ("Hinimum  Uind  Year")  and  the   third  gives   the  highest 
( 'HsMitun^  Uind  Year")  wind  power   density   likely   to  occur   at   the   site  over   a   ten- 
yesr    period.    If  a  site  owner   is  considering  installing  a  wind  generator?   these 
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sheets  sive  sn   idss  of  how  lh9  senerslor   ouIfuI  csti  be  expected   t,o  vary  ss   Ihe 
wind   power  density  varies  frci:.  year   to  year. 

Finslly?    there  sre  three  suri^iories   titled*    "flonthly  and  Yeerly  AversSe  Uind 
S^eed  (MF'H)  and  Percentsse  Speed  Profile."   LiKe   the   three  precesdins  sunir-sriesf 
th?se  sl^c  desl  with  the  tiiesn ?   rdniuiui'i  and  ni3;:ir;'jri  wind  yesrs.      But  while   the 
preceedins  suiTiRaries  estisste  wind  power   densityf   these  estinste  uind  SPaed 
sversses — the  n^esn;   rdnir-ur;  and  niBxinruri  n^onthly  and  yearly  svsrsSe  wind  speeds 
liKely  to  occur   at   the  site — and  arranse   ther;  by  percentage   into  velocity 
brscKets.     To   interpret   the  velocity  bracKetsr   see  the  description   above  of   the 
"Kind  Speed  Summary  and  Percentage  Speed  Profile". 

The   Dsta   Use   section  of   this  report  contains  directions  for   usine  these 
saniT^sries   to   estiiriste   the  monthly  and  yearly  output  of  a  wind  generator 
OPerstins  at   s  heiaht  of  10  nieters  (33  feet)  under   the  senie  conditions  as   those 
fcund  at    the  site.     Since  most  senerator   towers  are   taller   than   10  Pistsrs  and 
since  uind  speed   and*    thereforef   wind  power   increase  as   the  heislht  above   the 
surfsc?   increesesf    it  follows   that  an   estiriate  based  on   this  oats  and  using  this 
ssthod  will  be  a  conservstive  one. 


WIND  SPEED  SUHHARY  ( IN  HPH  )  S.  PERCENTAGE  SPEED  PROFILE 

location:    circle  touer  height:    lo  heters 

STARTING  TI^E:      1100  HOURS 
STARTING   date:        3/26/31 

WEEK         UKLY   AVG  SPD  PERCENT  OF  WEEKLY  WIND   IN  VELOCITY  BRACKETS 

ENDING         «PH   /  DAY  <10  <11   <12  <13  <14  <16  <13  <20  <22  <24  <26  <23  <30  <32  <34  <36  <3S 
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note:  »  INDICATES  THAT  A  UEEKLY  AVERAGE  IS  FOR  FEUER  THAN  7  DAYS. 
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UIND  SPEED   SU^.MARY   (IM  tiPH  )  AND  PERCENTAGE   SPECTRUM 


LOCATIOfi:      CIRCLE 
STARTING  TlhEt      1100  HOURS 


STARTING   date: 


0/     ^L 


!1 


PERCENTAGE  UINB  SPEED  PROFILE 
date         MQ   UIND  SPD     <10  <11   <12   <13   <14   <16   <18   <20  <22  <24   <26   <23  <3( 


26 
27 
28 


*24.6   13  HRS         0       0       0       0       0       0 
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note:  *  INDICATES  THAT  A  DAILY  AVERAGE  IS  FOR  FEWER 

THAN  24  HOURS.  THE  TOTAL  NUMBER  OF  HOURS  IS  GIVEN. 
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STARTING  time:  0000  HOURS 

STARTING  date:   4/  1/Sl 


PERCENTAGE  UIND  SPEED  PROFILE 
DATE    AVG  WIND  SPD  <10  <11  <12  <13  <14  <16  <13  <20  <22  <24  <26  <23  < 
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note:  *  INDICATES  THAT  A  DAILY  AVERAGE  IS  FOR  FEUER 

THAN  24  HOURS.   THE  TOTAL  NUhBER  OF  HOURS  IS  GIVEN. 
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STARTING   time: 
STARTING   date: 


0000  HOURS 
5/  1/81 


DATE 


A'v'G  UIND  SPD  <10 


PERCENTAGE  UIND  SPEEH  PROFILE 
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54   4844333000000 
23   3  10   66993545322 


note:  *  INDICATES  THAT  A  DAILY  AVERAGE  IS  FOR  FEUER 

THAN  24  HOURS.  THE  TOTAL  NUf^.BER  OF  HOURS  IS  GIVEN. 


PAGE     A 

STARTING   time:      0000  HOURS 

STARTING   hate:        6/   1/31 

PERCENTAGE   UIND   SPEED   PROFILE 
DATE         AVG   WIND  SPD     <10   <11   <12   <13   <U   <16   <13   <20  <22  <24   <26   <23   <30  <32 


1 

15.1 
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0 

0 

17 

25 

29 

21 

0 

8 

0 

0 

0 
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A 

0 

0 

,". 

2 

9,7 

50 
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25 

13 

13 

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 
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12.9 

21 

0 
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13 
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21 

4 

4 

4 

0 
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12.5 
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13 

13 
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17 
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33 
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12.1 

29 
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3 

3 

3 

0 

13 

0 
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0 

0 

c 

c 

A 
'J 

UKLY    AyG=>  11.9 


30 


16     11      10     13 


7 
8 
9 
10 
U 
12 
13 


12.3 
14.3 
17.4 
U.9 
10.2 
13.6 
13.4 


JJ 

0 

17 

3 

4 

17 

21 

0 

0 

0 

0 

42 

8 

0 

0 

4 

4 

4 

0 

17 

3 

o 

46 

0 

0 

A 

0 

4 

0 

4 

0 

4 

13 

29 
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4 
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0 

0 

50 
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4 
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0 
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3 

4 
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21 

8 

3 
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17 

25 

3 

0 

0 

0 

UKLY    AVG=>  13.4 


13 
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16 
17 

is 
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20 


1-r    T 

16.5 
14,4 
20.4 
10.7 
10.2 
8.1 
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WKLY    AVG=>   13.4 


8     11 


21 

15.0 

21 

8 

0 

22 

10.6 

50 

13 

4 

23 

15.3 

17 

21 

15 

24 

13.1 

33 

4 

4 

25 

S  7.5  22  HRS       77 

5 

14 

26 

9.6 

53 

0 

0 

27 

11.3 

21 

8 

3 

UKLY  AyG=: 

■■■  11.6 

40 

8 

6 

28 

11.9 

29 

17 

3 

29 

10,6 

42 

3 

15 

30 

3,6 

63 
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3 

4 

13 

4 

21 

3 

4 

0 

13 

0 

3 

21 

5 

0 

0 

T 

3 

21 

21 

13 
3 
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O         1  ' 
u         1 « 


13 

21 

0 


15 
0 

13 
0 


17 


0 
0 
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0 

c 

0 
0 
0 


3  4        0 

4  0        0 
0        0        0 


0 
0 
0 
0 
0 


1      1 


0 
0 
0 
0 


0  4  0 
0  0  0 
0       0       0 


JUN 


12.4 


3     10 


11 


1 


note:     *    INDICATES  THAT  A  DAILY  AVERAGE   IS  FOR  FEUER 

THAN  24  HOURS.      THE   TOTAL   MUfiBER   OF   HOURS    IS   GiyEN. 


PAGE      5 

STARTING   time:      0000  HOURS 

STARTING   date:        7/   1/31 

PERCENTAGE   UIND  SPEED   PROFILE 
DATE         AVG   UIND  SPD     <:iO  <11   <12   <13   <14   <16   <13  <20  <22  <24   <26   <23   <3( 
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13 
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50 

8 

13 

7 
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1 
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UKLY    AyG=>  12.6  37     11       3       5     11       3       5       6       4       1       2       1        1 
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10.7 

42 
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0 
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0 

15 

13.1 

29 
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13 

25 

i 

0 

0 

0 

0 

c 

V 

c 
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0 
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10.0 
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8 
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*  9.2  16 
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50 

13 
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6 
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0 

A 

0 
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■J 
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V 

WKLY    AVG=>  11.9  40 


JUL  11.3  42       3      11        7       9       6       4       5       ; 

note:     *    INDICATES   THAT   A   DAILY   AVERAGE   IS   FGR  FEUER 

THAN  24  HOURS.      THE  TOTAL  NUH3ER  OF  HOURS   IS  GI'v'Efi. 


WEEKLY  AND  MONTHLY  AVERAGE  UIND  FOUER  DEf^SITY 

location:  CIRCLE  TOUER  HEIGHTt   10  METERS 
STARTING  TIHE:   1100  HOURS 
STARTING  date:   3/26/Sl 

WEEK  ENDING  AVG  UIMD  SPEED      A'JG  PRESSURE  AVG  TEMPERATURE     AVG  Ulf^D  PGJER  DE;^.Si;; 

(MFH)  (HBS)           (DEGREES  F)         (UATTS/SG.  METER) 

3/23          *16.1  2ay 

HAR            15.2  921.4             40.7               2i9 

4/  4           13.5  233 

4/11           15.7  309 

4/18           13.0  ■                         19? 

4/25           16.3  371 

APR            14.5  921.0             51.3               2t3 

5/   2                            13.6  219 

5/   ?                            16.6  '^'-^2 

5/16                             17.3  459 

5/23                            16.3  317 


5/30  11.3  1-- 

MAY  15.3  919.7 


6/   6  11.9 

6/13  13.4 

6/20  13.4 

6/27  11.6 


JUN  12.4  920.0  63. 


7/   4  10.5  "^^ 

7/11  12.6  i^- 

7/18  *11.9  ^•^'^ 

JUL  11.3  922.4                                75.1                                      134 


note:   t   INDICATES  THAT  A  WEEKLY  AVERAGE   IS  FOR  FEWER  THAf^  7   DAYS. 


WEEKLY  &  HONTHLY  WIND  DIRECTION  PROFILE 

Notet  The  wind  direction  values  read  frori  the  slrir  charts  were  interpreted 
3S  specified  by  the  Kanuf scturer »  i.e.f  .25  inch  of  strip  chart  lensth 
representins'  15  niinutes  of  direction  data.  No  attempt  was  riade  to  correct  uind 
direction  data  to  account  for  recorder  motor  speed  variations  as  anibient 
teiTiPerature  vsried.  The  sreatest  speed  variation  we  noted  ariiounted  to  +•  or  - 
1.09X.   However f  a  correction  was  made  in  the  wind  speed  data.  Thus  the 
distribution  of  the  wind  direction  data  in  the  table  belcu  does  not  correspond 
to  the  distribution  of  wind  speed  over  the  same  period  cf  tine. 


location:  circle 

STARTIMG  time:  1100 

startin'g  date:  3/26/91 
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due  to  sensor  n.alf  unction  ?  there  is  no  direction  data  after  2000  hrs  on  5/14/Sl 

MAY        14      18      10       9     10      13     10      10 

PERIOD  tot:  14      26      14      11      11       14      5       6 


%   this  weeK  contains  less  than  7  dab's  of  direction  data? 

the  direction  sensor  was  aliened  with  the  maSnetic  north  pole 


meak'f  hinimuk  and  maxiiiuh  correlation  factors  and  freqllencr  percentage  sfectrum 

location:  circle 

dnrc  tcuer  height:  10.0  meters 

NCC  TOUER  height:   12.2  METERS 
STARTING  time:   1000  HOURS 
STARTING  date:   3/26/31 

(1.0  =  PERFECT  SITE/UEATHER  STATION  CORRELATION; 
UEEK    <-C0RRELATI0N  FACT0RS->         FREQUENCY  PERCENTAGE  SPECTRUM  OF  C.F.'S 
ENDING   MEAN   MINIMUM   MAXIMUM    <.3  <.6 
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STUDY 

PERIOD   1.33    O.Sl      2.40       0    0    2   29   56   10 

note:  %   INDICATES  THAT  A  WEEKLY  AVERAGE  IS  FOR  FEUER  THAN  7  DAYS. 


The  following  mean  and  minirjum  projected  wind  years  are  iderilicsl  because 
of  these  circumslancest  The  thiriy-year  average  annual  wind  SFeed  at  the  FAA 
Station  at  the  Hunicipal  AirFort  is  9.7  MPH.  Dunns  the  10-year  period  (1970  to 
1979)  used  as  the  representative  data  period  in  this  studyr  the  ndninun.  annusl 
wind  speed  was  10.1  hPH  (1979).  Because  there  is  sisnificant  variation  between 
NCC's  thirty-year  average  wind  speed  and  the  lO-year  miniriun*  we  used  the  lower 
value  to  represent  both  the  Hiiniriuri  and  the  mean  wind  year.  By  coins  this*  we 
avoided  the  upward  sKew  which  the  larser  value  would  have  produced. 


MONTHLY  AND  YEARLY  AVERAGE  UIND  FQUER  DENSITY  If,'  UATTS/SQ.  METER 

MEAN  WIND  YEAR 

SITE  LOCATION:  CIRCLE  NCC  WEATHER  STATION  LOCATION:  MILES  CITY 

STARTING  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/7? 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  1.33 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 

MONTH  AUG  UIND  SPEED     MG   PRESSURE       AUG  TEMPERATURE     AUG  UIND  PCi;ER  DENSITY 
(MPH)  (MBS)  <F)  <U/H2) 


JAN 

10.9 

925.2 

0.2 

146 

FEB 

13.6 

921.8 

3.0 

271 

MAR 

13.6 

921.8 

29.8 

236 

APR 

15.1 

919.7 

41.4 

32C 

MAY 

14.3 

920.8 

53.7 

260 

JUN 

14,2 

921.4 

67.3 

233 

JUL 

11.8 

922.1 

74.6 

146 

AUG 

12.5 

921.1 

72.0 

174 

SEP 

12.5 

922.5 

65.7 

15? 

OCT 

12.5 

921.4 

50.7 

176 

NOV 

11.6 

924.8 

29.8 

160 

DEC 

12.7 

922.1 

29.1 

??? 

YEARLY  average: 
1979      12.9  203 


MONTHLY  AND  YEARLY  AVERAGE  UIND  POWER  DENSITY  IN  UATTS/SQ.  METER 

MINIMUM  WIND  YEAR 

SITE  location:  circle  NCC  UEATHER  station  location:  MILES  CITY 

STARTING  TIME  FOR  PROJECTED  DATA:   200  HOURS  ON   1/  1/79 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  1.33 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 

MONTH  AVG  WIND  SPEED     MG   PRESSURE       AUG  TEMPERATURE     AVG  LilND  PGUEP.  DENSITY 
(MPH)  <MBS)  (F)  (U/M2) 


JAN 

10.9 

925.2 

0.2 

146 

FEB 

13.6 

921.8 

8.0 

271 

HAR 

13.6 

921.3 

29.8 

236 

APR 

15.1 

919.7 

41.4 

320 

HAY 

U.3 

920.3 

53.7 

260 

JUN 

14.2 

921.4 

67.3 

233 

JUL 

11.8 

922.1 

74.6 

146 

AUG 

12.5 

921.1 

72.0 

174 

SEP 

12.5 

922.5 

65.7 

159 

OCT 

12.5 

921.4 

50.7 

176 

Noy 

11.6 

924.3 

29.8 

160 

DEC 

12,7 

922.1 

29.1 

??? 

YEARLY  average: 
1979      12.9  203 


^'.ONTHLY  AND  YEARLY  AVERAGE  UIND  POUER  DENSITY  IN  WATTS/SQ.  METER 

MAXIHUti  UIND  YEAR 


SITE  location:  circle  NCC  UEATHER  STATION  LOCATION.'  MILES  CITY 

STARTING  TIME  FOR  PROJECTED  PATAt   200  HOURS  ON   1/  1/76 
Ai^'ERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR  t  1.33 
PROJECTED  UIND  SPDS  AT  10  HETER  ELEVATION 


MONTH 

AVG 

UIND 

SPEED 

AVG  PRESSURE 

AVG  TEMPERATURE 

AVG  UIND  POUER  DENSITY 

(  MPH ) 

(HBS) 

(F) 

( U/M2 ) 

JAN 

14.4 

923,8 

13.6 

303 

FEB 

15.4 

919.1 

32.4 

332 

MAR 

16.1 

913.1 

32.5 

421 

APR 

16.3 

920.1 

48.6 

366 

MAY 

14.4 

921.1 

59.1 

300 

JUN 

16.0 

918.7 

65.6 

335 

JUL 

14.1 

921.1 

76.4 

238 

AUG 

14.7 

921.8 

74.1 

2?1 

SEP 

12.3 

923.1 

62.9 

177 

OCT 

12.9 

924.5 

44.2 

210 

NOV 

12.1 

926.5 

29.4 

201 

DEC 

13.9 

921.8 

25.5 

256 

YEARLY 

average: 

1976 

14.4 

236 

MONTHLY  i  YEARLY  AVG  UIND  SPD  (  MPH  )  AN'D  PERCENTAGE  SPEED  PROFILE 

HE AN  WIND  YEAR 

SITE  location:  circle        ncc  ueather  station  location;  miles  city 

STARTING  time  FOR  PROJECTED  DATA:   200  HOURS  CN   1/  1/79 
A'v'ERAGE  SITE/UEATHER  station  correlation  factor:  1.33 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 

AUG  PERCENT  OF  UIND  IN  UELOCITY  BRACKETS 

f^GNTH  SPEED    <10  <11  <12  <13  <U  <::i6  <13  <20  <22  <24  <26  <23  <30  <32  <34  <3i  <35  ''M   >4C 
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15.1 
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3 

3 
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3 
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14.4 

20 
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14.2 

23 

11 

1  J 

0 

6 

12 

9 

5 

1 

3 

JUL 

11. S 

30 

18 

IT 

0 

7 

13 

6 

1 

4 

6 

AUG 

12.5 

29 

11 

15 

0 

3 

13 

9 

6 

3 
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10 

3 
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13 

^7 

0 

6 
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10 

3 

n 

6 

7 
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12 

0 

A 

11 

/ 

5 

0 

5 

0 
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12.7 

29 

14 
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0 

12 

/ 

1 

0 

6 

1 

1 
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0 

0 

3 

0 

c 

n 
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0 

0 
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1 
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1 

0 

1 

0 

5 

0 

c 

0 

0 

0 

c 

C\ 

1 

0 

0 

0 

n 

0 

c 

c 

YEARLY  Average: 

1979   12.9     23   12  15   0   5  11 


nONTHLY  &  YEARLY  AVG  WIMD  SPD  ( HPH )  AND  FERCEMTAGE  SPEED  PROFILE 

HIHIMUti  UIND  YEAR 

SITE  location:  circle  NCC  weather  station  location:  miles  CITY 

STARTING  TIME  FOR  PROJECTED  DATA:   200  HOURS  ON   1/  1/79 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  1.33 
PROJECTED  UIND  SPDS  AT  10  HETER  ELEVATION 

AVG  PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 

MONTH  SPEED    <10  <11  <12  <13  <U  <16  <13  <20  <22  <24  <26  <28  <30  <32  <34  <36  <3a  <4C  >4v' 
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10.9 

42 

13 

14 

0 

4 

9 

6 

3 

3 

2 

0 

3 

1 

0 

0 

0 

0 

c 

c 

FEB 

13.6 

27 

14 

13 

0 

6 

6 

11 

6 

4 

5 

1 

4 

3 

c 

1 

0 

1 

A 

c 

«AR 

13.6 
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11 

14 

0 

3 

14 
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4 

5 

6 

1 

3 

2 

0 

c 

c 

0 

c 

c 
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15.1 

21 

6 

17 

0 

9 

8 

3 

4 

3 

8 

4 

6 

4 

0 

1 

c 

c 

0 

p 

HAY 

14.4 

20 

11 

17 

0 

9 

9 

4 

4 

10 

1 

5 

1 

0 

1 

0 

1 

0 

0 

JUN 

14.2 

25 

11 

15 

0 

6 

12 

9 

5 

8 

3 

4 

3 

0 

0 

0 
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c 
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11.8 

30 

IS 

12 

0 

7 

13 

6 

1 

4 

6 

1 
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0 

0 
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0 

0 

c 
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12.5 

29 

11 

15 
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3 

13 

9 

6 

3 

7 

1 
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0 

0 

c 

( 

SEP 

12.5 

25 

12 

19 

0 

14 

10 

3 

7 

7 
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0 

9 

0 

0 

0 

V 
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14 
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1 
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YEARLY 
1979 

average: 
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MONTHLY  &  YEARLY  AUG  UI»D  SPD  ( tIPH  )  AND  PERCENTAGE  SPEED  PROFILE 

MAXIHUK  UIND  YEAR 


SITE  LOCATION':  CIRCLE  NCC  UEATHER  STATION  LOCATIOfil  MILES  CITY 

STARTING  TIKE  FOR  PROJECTED  DATA!   200  HOURS  ON   1/  1/76 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  1,33 
PROJECTED  UIND  SPDS  AT  10  hETER  ELEVATION 


AUG  PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 

liCNTH  SPEED    <10  <11  <12  <13  <U  <16  <18  <2C  <22  <24  <26  <23  <30  <32  <34  <36  <3.S  <A(i  )A\ 
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14.4 
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4 
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3 

5 

0 

1 

c 

1 

c 
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FEB 

15.4 

16 

11 

13 

0 
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14 

15 

4 

4 

6 

3 

4 

3 

C 

1 

1 

1 

1 

«AR 

16.1 

19 

9 

12 

0 

5 

12 

3 

6 

4 

7 

4 

4 

0 

9 

1 

9 

1 

1 
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16.3 

15 

S 

9 

0 

6 

9 

15 

9 

5 

10 

1 

6 

9 

0 

3 

0 

1 

0 

HAY 

14.4 

21 

9 

12 

0 

9 

11 

15 

5 

3 

6 

1 

1 

J 

0 

1 

0 

1 

c 

1 

JUN 

16.0 

16 

5 

9 

0 

8 

11 

16 

9 

3 

13 
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4 

3 

c 

0 

1 

c 

c 

c 

JUL 

14.1 

14 

12 
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0 

9 

11 

14 
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3 

3 

0 

3 

0 
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1 

0 

0 

0 
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14.7 

13 

10 

12 

0 

9 

13 

12 

5 

3 

/ 

o 

9 

3 

0 

1 

1 

c 

c 

SEP 

12.3 

26 

15 

17 

0 

9 

10 

7 

1 

-) 

5 

1 

1 

1 

0 

0 

0 

0 

c 

0 

OCT 

12.9 

23 

15 

14 

0 

10 

3 

11 

1 

1 

6 

0 

1 

1 

0 

^ 

'J 

0 

c 

c 

NOV 

12.1 

33 

15 

17 

0 

r 
J 

7 

7 

4 

o 

4 

0 

0 

3 

0 

0 

V 

0 

0 
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13.9 

15 

14 

0 

4 

3 

11 

3 

9 

9 

3 

9 

0 

1 

c 

0 

0 

c 

YEARLY 
1976 

average: 

14.4 

21 

11 

13 

0 

7 

10 

11 

3 

3 

1 

3 

3 

0 

1 

0 

1 

c 

0 

APPENDIX  I 
Avsrsss  Yearly  Wind  Speed  &  Wind  Power  Density  si   10  Meier  Elevation 


sversse  sversEe  yesrly  uind 

yeeriy  speed  fouer  density 


(HPH)  (Ustts/SG.  Meter  ) 


Billings   Lcssn 

Internstionsl   Airport  12»3  156 

BoieiT.sn  Airport  7.S  63 

Bulte-Siiver   Bow 

Csjnty  Airport  7.6  70 

Cut   BsnK    Airport  13.7  234 

Dillon;  BssverhesQ 

County  Airport  10.1  103 

Glssgou  Internsticnsl 

Airport  12.1  174 


Gresi  Falls  Internationsi 
hirP  or  u 


12.8  217 


Hsvrs  City-County 

Airport  11.4  161 

Lswistoun    Airport  11.0  137 

Livingston  Airport  14.5  403 

Miles  City  Airport  10.1  lOS 

Superior    Airport  4.9  13 

IJhitahsll   CAA  13.4  340 

*D5t3  fnr,  Wind  Resource  Atlss:   'v'olun.e   1   -  fJcrthuest  Region  by  Bsttelle 

Pscific   Northwest  Lsborstoryr   FNL-3195  UERA-1  UC-60t   April   1930f   p.   76. 


APPENDIX  II 

Power   Chsrscterislic  Curve  For   5  Holec  Uindrislic  bog&I   14S  Uind  Gen&relor 
Uind  SF-eed  Versus  Generator  KUh  Oulrul 
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APPENDIX  III 

WIND  SITE  DEyELOPtiENT  GUIDE 
PreF3red  by  Gundsrson  Consullins  Service 
525  E.  Dsvisf  Bozensn^  MT  Tel:  406/586-3502 

I.  PreliHiincry  Fessibility  Study — Cost;  $0 

1.  Oblsin  local  uesiher  data — Rionlhly  J.  yearly  sversse  wind  speeds. 

2.  Review  your  eleclric  bills?  fisure  your  riaxirruni?  itdniriuni  end  averase  nonli-LU 
electric  loads.  The  lonser  the  period  you  revieuf  the  better. 

3.  Deter!r,ine  what  conservation  Treasures  could  reduce  your  electric  losd. 
4-.  Re?,d  oil  the  wind  feneration  literature  you  can  find. 

5.  LocK  your  property  over  and  picK  the  noat  likely  potential  wind  sites. 
As  3  rule  of  thunb?  a  site  that  has  a  wind  power  density  of  over  2C0 
waits  per  sauare  ir.eter  and  has  a  tilNIMUH  average  wind  spssd  of  12  HPH 
durins  st  least  six  Uionths  a  year  can  be  considered  for  devsloPirient. 

6.  Stsrt  to  thinK  about  how  niuch  of  your  electric  load  you  can  eliiriinate 
by  conservation  and  how  ir^uch  you  want  to  generate  with  wind  power. 
Decide  how  r.uch  of  your  tirie  you  can  devote  to  developins  &  usins  the 
«irid  resource  on  your  property.  Try  to  irisSine  how  a  wind  instsllstior; 
itiBht  affect  your  and  your  neighbors'  pror-srty. 

7.  Set  3  ceilins  in  dollars  on  the  aniount  you  are  willins  to  invest  in 
wind  senaraticn. 

S,  Ccritact  your  utility  con^pany  and  obtain  their  policies  and  procedures  for 
ccrinect: 


3  wind  senerator  to  their  transniission  syster 


Find  out  how 


such  they  will  pay  you  for  electricity  you  senerate. 
9-,  Cultivate  the  habit  of  Keeping  detailed  records  and  files. 


II. 


m; 


fts    s  rule  of   thur.bf    5  win 
it   has   s  wind  power   density  of  ove 
CM    aversse  wind  speed  of  no   Iss 

•,1 


$0  -  $3? 000 
site   is   a  sood  prospect  for  develornient   if 


iC<U; 


~e  neter 


than  12  fiPH  for  at  least  si:-:  r.ontha  ?5r 
ye?,r.  To  decide  whether  or  not  your  wind  resource  warrants  investrient*  ycu 
Ray  need  a  wind  resource  study  to  n.easure  the  wind  speed  and  direction 
at  your  site.  This  will  depend  on  two  factors t 

s)  the  availability  and  ouality  cf  existinS  wind  speed  and  direction  data 

fror.  a  nearby  source?  such  as  a  National  Weather  Service  Stationf  and 
b)  the  total  amount  cf  your  proposed  investment. 

il    50  -  $5j000  &  no  financing.  Sone  senerator  dealers  will 

perfcrn.  a  3-Ronth  wind  speed  study  at  a  client's  site?  others 


Ueather  Service  station.  Cost:  $0 
ii  )   $5?000  -  $10»000  with  partial  financing.  The  lending  institu- 
tion liisy  want  to  see  the  results  of  s  6-nionth  wind  study  before 
ap-proving  a  loan.  You?  toor  should  want  a  study  of  your  wind 
resource  before  borrowing  nioney.  Some  generator  dealers 
perforr^  such  studies  for  their  clients?  private  consultants 
do  wind  resource  studies  without  consideration  of  s  particu- 
lar wind  generator.  Cost  $0  -  $2»500. 
iii  )  More  than  $10^000  with  n.-aJor  financing.  An  investment  of  this 
size  reauires  an  independent?  long-tern  wind  resource  study. 
Cost:  around  $  3»000  depending  on  tern  and  nuniber  of  sites. 
Contact  one  or  more  wind  senerator  deslersr  the  State  energy  office  end  a 
private  consultant?  tell  ther;  your  investr.ent  ceiling  and  asK  for  their 
estin.ate  of  the  cost  of  various  sized  wind  generators  and  the  Quantity 


cf  electricity  those  generators  could  be  e,;pected  to  produce  unde 


thE 
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wind  and  ieir.Fsrsture  reSiriS  si  your  site.  Gel  5II  Ihe  wind  ssneralor 
brcchuresj  dsls  sheels  snd  sF-ecif icslions  you  possibly  can. 
3i  LooK  over  Ihs  infer  ins  I  ion  ycu  hsve  collecled?  sndj  if  you  slili  wsnt 
to  devslcF--  your  wind  resource?  sslecl  the  syslen  which  fslls  beiou 
yc'ur  inveslrienl  ceilins?  leaves  rccr:  for  all  Ihe  olher  cosls  snd 
5eei;:s  r.osl  liF.ely  to  produce  Ihs  s^iounl  of  eleclricily  you  IhinK  ycu 
should  sel  under  the  condi lions  3I  your  site. 
4-,  Ccnlscl  3  dealer  of  Ihe  mschine  you  have  selected.   If  the  dealer- 
Knows  you  sre  s  serious  cuslorierj  Ihey  should  be  willins  to 
furnish  you  the  following  inforirialion  J 

s)  An  eslirjale  of  the  rtiOnlhly  mininunf  niaxiriur.-  and  averase  electric 
output  ycu  could  e;;pect  fror  the  Generator  under  conditions 
described  by  the  data  frcr^  your  site. 

b)  An  estir;atp  of  all  installationf  connection  and  Bsintenance 
co-stS'  and  an  eccncrdc  analysis  showinS  the  assuBptions  nade  snd 

the  esliRated  payhacK  period  for  this  Generator  under  your  conditions. 

c)  Cor^plete  warranty  infornistion . 

d)  Ccnplete  infornistion  for  utiltiy/hone  electric  interface  connection. 

e)  Maintenance  schedules  and  their  costs. 

f  )  A  s3n;ple  of  the  desler's  contract  forn  or  fornis  to  cover  installaticnf 

electrical  interface  snd  systeri  startup, 
s)  A  list  of  customers  who  have  used  the  senerator  nodel  you  sre 

iGoKinS  at  for  st  least  1  year  in  3  cliriate  sirriliar  to  your  site, 
h)  A  description  of  the  dealer's  experience  with  the  particular 

senerator.  A  short  history  of  the  manufacturer  is  also  nice  to  have. 

fh   dealer  will  be  willing  to  furnish  sll  this  inforristion  until  they 
Know  you  are  seriously  interested  in  3  aenerstcr.  But  the  dealer's  first 
resp-cnse  to  ycu  is  3  sood  indicstion  of  their  reliability  and  of  the 
the  ctuality  of  their  product.  The  iTiors  contact  you  have  with  the  deEler» 
the  rr.Dre  of  this  infcrr>ation  you  will  receive.   If  inforrjalion  s5er:S  too 
hsrd  to  Set?  you  should  consider  finding  another  dealer.  You  should 
expect  to  have  ail  your  Questions  answered  to  your  satisfaction. 

III.  Instsllstion?  Operation  J>  Maintenance. 
At  this  point?  ssK  yourself  if  you  still  wsnt  to  invest  in  your  wind  site. 
If  ycu  do  not  feel  satisfied  about  your  wind  prospect  st  this  point? 
you  would  be  better  off  to  write  off  all  your  worK  to  date  (and  rioney  as 
well?  if  you've  had  a  wind  resource  study)  than  to  spend  {10  -  100  thousand 
tore  for  a  uind  Rschine  that  doss  not  senerats  the  electricity  your  invest- 
tent  depends  en.  Rerierber  that  you  can  write  off  s  business  loss  Just  ss 
easily  as  you  can  tsKe  3  ts';  credit  for  a  renewable  energy  invsstn.ent. 
And  finally?  rsi^.ind  yourself  that  no  generator  can  improve  the  wind  at  your 
site. 

If  you  decide  to  proceed  with  your  investiTient  plans?  the  first  step  is  to 
follow  through  on  the  conservation  Beasures  you  identified  at  the  beginning 
of  ycur  fessibility  study. 

Then?  here?  in  general?  are  the  steps  to  setting  those  first  Kilowatts  flouinst 
1  ■>  If  ycu  plan  to  intsrtie  with  the  utility  systen?  negotiate  a  buy-becK 
contract  with  your  utility  company.  You  will  have  to  have  their 
approval  of  the  electrical  interconnect  your  dealer  plans  to  use 
snd  you  may  have  to  Keel  their  insu-rance  reouireRents. 

2)  FroPi  your  city/county  planning  and  zoning  depsrtnents  ohtcin  whatever 
installation  pertrdts  or  licenses  they  reauire. 

3)  Get  your  insurance  agent's  advice  on  what  Kinds  of  insurance  your 
instsllation  will  need  snd  order  it. 
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4  )  Gel  loselher  with  your  desler  sad  FreFsre  e  finsl  econonic  Enslysis.  Con- 
siderins  ALL  cosUr  cslculsle  the  FsybecK  period.  If  Ihe  loUI  cost  end 
snd  Ihe  ps'ibacK  period  still  suit  you  f  then  you  Knou  your  invaElr^eni  is  2S 
solid  or.   you  csn  r.cKa  it. 

5)  Consider  hav-'ins  lessl  review  of  the  contract  your  desler  offersf  then 
nesotiste  it  with  your  dealer.  This  is  also  a  Eood  tirie  to  nesotiate 

3  ^Maintenance  contract. 

6)  After  your  generator  is  installed  and  operatinSf  have  your  dealer  or  an 
independent  consultant  n^onitor  the  wind  speed  at  your  senerator  site  for 
3-6  n.onths  so  you  can  cor.pare  the  wind  power  potential  during  the  period 
with  the  output  fror.  your  senerator  durins  the  sa-ie  period  to  deterr-ine 
whether  your  senerator  is  perforr.ins  sccordins  to  your  expectations 

snd  the  Ranufacturer's  specifications. 

7)  MaKe  sure  that  the  maintenance  schedule  is  follousd  and  repairs 
are  T^-sde   whenever  they  are  needed* 

1  /o  /q^ 
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Descrirlion  of  Euuirnent 

The  wind  dsLo  in  this  reFcrt  wss  ssihsred  and  r&cordad  b'6  lit\i\i 
conitorins'  syslen;  4DSR-2  si  Ihs  Dsve  Hsslinss  place  nsar  Conrad?  r^.r 
December  15»  1930  to  Harch  S?  1931. 
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Natural  Power  Inc.»  New  Boston »  New  Hamp-ahire;  r^anuf  actured  the  racordar 
and  sensors  used  in  the  system  which  sathered  this  data.  The  systso  includas! 
Qodel  All-132  dual  strip  chart  recorder  housed  inside  a  Eodel  A95-003  plastic 
cssej  3  Biodel  A7j-104-  4-Pole  cup  aneniometer  J  a  iTiOdel  A75-301  wind  direction 
sensopf  3  12-volt  wet  cell  autoniobile  battery/  3ndall  the  cable  needed  to 
connect  the  sensors  to  the  recorder  r  the  recorder  to  the  battery  anc  t.'e  entirs 
systeii.  to  3  sroundins  stsKe.  Ccnipletins  the  syaten.  were  an  instrun.ant 
shelter  and  s  10-n.eter  tower  with  n.ounting  bracKet?  say  wires  and  staKes  . 

The  operational  specifications  for  the  aodel  A7j-301  direction  sensor  are! 
Tesiperature  ranset  -55  to  170  desrees  F 
Resolution;  45  desrees 
H3>;ir»ur»  wind  speed  J  150  MPH 

The  oPGrstional  specifications  for  the  aodel  A75-104  sneniODeter  aret 
Uind  velocity  ranset  3-150  hPH 
TeEipersture  rsnse  -60   to  200  desrees  F. 

The  operational  specifications  for  the  Eodei  All-132  strip  chart  recorder 
sret   Tesiperature  ranset  32  to  160  dearees  F. 
Recorder  nietert  +  or  -  1" 
Recorder  chart  speed t  +  or  -  5'i 
Response  tin.et  5  seconds  to  full  scale 


The  strip  chart  recorder  records  a  wind  speed  ana  Qirec'v,ion  reacma.  eva-ry 
two  seconds  by  !?.aKin3  a  n.arK  on  the  pressure  sensitive  strip  chert  paper  as  it 
crosses  s  metal  plate.  To  caKe  the  aarK?  an  iripsct  bar  striKes  the  top  side  of 


the  Bieter  needles >  one  for  wind  speed  and  one  for 
touch  the  sensitive  paper. 


iicr 


the 


The  tower  was  a  10-n,eter  Radio  SnacK  telascopins  TV  anter^na  r.ast  fisde  oi 
s'3lv3nized  steel  and  suyed  by  eisht  cables  in  a  25'  radius.   It  is  rated  tc 
withstand  winds  up  to  150  MPH. 

The  instrun.ent  shelter  r  mode  of  wood  and  insulated  with  styrofcar,*  was 
located  st  the  base  of  the  tower  to  house  the  recorder  and  battary  in  sioe-b': 
side  coPiPsrtn.ents.  The  systen;  was  srounded  by  a  wire  fron,  the  recorder  to  a 
four  foot  sslvanized  stake  driven  into  the  around  ns;;t  tc  the  sneltar. 


F'AGe: 


Honitorins  Method 

On  Deceriiber  1j>  1930>  under  coniroci  with  DNRC?  Gundirson  Consuitins 
instslled  wind  monitoring  sysleri  ♦DSR-Z  3t  the  Dsve  HsstinsB  fsrri  southsEit  of 
Conr3d»  Montana  (hsilina  address!  Star  Route  Box  43;  Conrad?  Hontsna  59422.) 
Dave  charged  the  batteries  and  changed  the  rolls  of  strip  chart  paper  as  they 
were  filled.  He  (sailed  the  filled  strip  charts  to  Gunderson  Consultins  uhc 
reviewed  theni  for  sisns  of  eouipment  malfunction ?  then  delivered  then  to  the 
Renewable  Enersy  Bureau  of  DNRC.  In  June  1932  the  D&partrisnt  contracted  with 
Gunderson  Consulting  to  analyze  and  suniinarize  the  data. 

To  locate  the  nionitorins  site^  travel  13  miles  east  fronf  Conrad  on  State 
Route  218  to  Minute  Kan  missile  DisrKer  R-29t  turn  south  (risht)  end  trevei  thri 
Riles  to  3  crossroad  and  another  one-half  to  three-fourths  niie  beyond  the 
crossroad  to  an  east  (left)  turn*  turn  east  and  continue  one-fourth  r.iie  tc  th; 
fariti  at  the  end  of  the  road. 


EouipRient  History 

The  monitoring  system  ([i5R-i2)  operated  properly  at  the  site  fr; 
to  3/8/81  and  produced  the  data  which  is  contained  in  this  study.  After  3/S/Sl 
the  site  owner  detected  a  malfunction  and?  en  3/24/31?  shipped  the  rBcordir 
back  to  DNRC  for  repair.  On  that  date?  Gunderson  Consultins  picKed  up  the 
recorder  froD  DNRC  and  shipped  it  to  the  Hisnuf acturer. 

The  manufacturer  repaired  the  recorder  and  shipped  it  bscK  tc  DnRC. 
Gunderson  Consulting  re-installed  it  at  the  Hastings  farr.  on  6/21/Sl/  where  it 
apparently  operated  until  Gunderson  returned  on  10/2C/31  tc  reniOvs  it.  At  that 
titRe?  the  recorder  was  out  of  paper  and  was  not  operating.  The  site  o-^ner  was 
not  present?  but  his  son  said  that  the  filled  strip  charts  had  been  risiied  to 
DNRC?  according  to  instructions. 

In  June?  1932?  DNRC  delivered  to  Gunderson  Consulting  only  the  strip  chart 
dating  fror-  the  period  12/15/30  to  3/3/31,  The  wheresbDi^s  of  the  strip  chart; 
from  the  period  6/21/31  to  10/20/Sl  are  unKnoun, 
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Ds5criFtion  Ihs  Dsls  f^nsl^sis  Frocadure 

Anslysir  c^   Ihe  strip-  chsrt  dsl?  was  done  en  a  ccr:Fuier  sHsler,  cddfgssg  of 
ins  foHowiris  iter.s;  3  SoulhusEi  Tschnicsl  PrcducU  Corr-orsticH  rodel  CT-92 
inlellissnt  lerndnsl'  r.odsl  69A  central  prccessins  unity  two  t-zqbI   f1F-6?  dusl- 
sided  single  density  disK  drivesr  sn  IntsSrsl  Dst=  Systeru  Inc.  Dodei  440  dot- 
ratri-;  irpsct  printer  snd  5  Houston  Instrument  HI  FAD  disitizins  psd  with  =  cne- 
buttcn  cursor. 

The  strir  charts  were  digitized  end  stored  en  5'-25  inch  flcr-Fy  disKs.  In 
this  process'  sn  oPerBtor  uses  the  cursor  and  digitizer  i^sq  to  trace  six-inch 
segrents  (referred  to  35  "plots'")  of  the  wind-sFsed-versus-tire  curve  on  the 


strip-  chert  (105  sesnents  Fer  strip  chart).  This 


inoi 


stresi-i  of  XY 


CGordinetes  to  the  cor-Futer>  which  receives  and  stores  the;:,  with  an  eccuracy  of 
+  or  -  .015  cf  sn  inch.  For  this  study?  the  cocrdinstes  were  stored  on  disK  with 
three  decinsl  fIscss. 


After  the  strip  charts  were  digitized  the  data  wss  avera-Sied  into  hourly 


yind  speeds  as  fcUoust  the  digitized  wind  speed  ccordinstes  were  corrected  for 
the  nonlinear  response  cf  the  strip  chart  recorder?   the  strip  chert  tire 
coordinates  were  corrected  for  variations  in  the  operatins  speed  of  the  recorder 
over  the  period  of  tire  it  tccK  to  fill  the  strip  chart?  the  resulting  corrected 
hourly  speeds  were  averssed. 


the  ne-'t  level  of  analy^i-a,  the  hourly  wind  speed 


into  daily? 


?eKly  and  r.onthly  sunnaris; 


hOu 


■or 


,5  US5  suiTir.srizeo 
i.  To  do  thisf  the  corputer  read  the 
.irs  and  avsrased  ther:  into  daily?  weeF 


monthly  z'.'srsis   wind  speed  pro-^iies.  It  carried  individual  runnins  totals 


sur 


.r,;-^  1  -, 


iCQ  to  :i.inir 


ims  er 


cor.p 

siiTU 
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,er  count, 
*  a  n  e  0  u  s  i. ; 


wino  spsso  percen 
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tase  sPSctruiT;  was  calculated?  as  foliowst  the 
wind  speeds?  then  sorted  ther.  into  speed  brackets? 


K  =  f 


■ms 


nt  cf  elerents  sorted  into  each  bracket  for  e; 


-.-f  c--nH 


spsec 


tire  sumary  p^rioot   At  the  end  of  the  tire  sur.r.ary  Fsriod?  the  nur:ber 
elen:ents  sorted  into  each  speed  bracket  was  divided  by  the  total  count  of 
elerents  for  the  surnery  period?  which  produced  the  percent  of  tiDe  the  wind 


blew  in 


speed  bracket  during  the  period.  The  wind  speed  percentage 


startup  wind  speeds  between  10  and  14  MFH?  hishl': 


ble 


r^PH 


per for 


ice 
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Ne:::t?  the  corputed  calculated  weekly  and  ronthly  wind  power  density  values 
by  averaging  hourly  wind  speed  cubed  values  for  each  sunriary  period  with  the 
sar.e  Kind  of  routine  it  used  to  calculate  the  average  wind  speeds.  The  process 
of  calculating  wind  power  density  for  each  sur.rary  period  will  be  described 
later  in  this  report. 

The  weekly  and  F.nnthiy  wind  direction  surxiaries  were  prepared  manually 
frcr.  the  irarks  it.ade  by  the  wind  direction  needle  on  the  eight  direction  tracks 
on  strip  chart.  (One  track  on  the  strip  chart  is  assigned  to  each  octant  of  the 
cor.pess — f'?  NE?  E?  SE?  etc.  ).  For  each  sur.rary  period?  the  or-srator  counted  the 
nur.ber  cf  Guarter-inch  (15-rinute)  n.arks  in  each  direction  track  on  the  strip 
chart  at  the  sane  tire  he  digitized  the  wind  speed  curve.  He  then  divided  the 
total  nurber  of  ir-arKs  in  each  direction  track 
in  all  direction  tracks  during  the  sere  perio 
tire  thr?  wind  blew  in  each  octant  fcr  the  surr.ary 


tion  track  by  the  total  nurber  of  rarks 
d  to  derive  the  percentage  of 
eriod. 


re  CDrrelsla  dats  fror 
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ironilGrins  site  wiln  dsie  frciT'  Lhs  nesresl 


N'ilionsl  Usslher  Service  Sl^lionr  i*.  r^usl  first  be  dslerrinsd  if  sny  differerc? 
exists  bptu?9n  the  hsis'ht  of  the  srser-oretsr  at  ths  sits  End  th5  heisht  of  tn? 
□ne  st  tns  westhsr  service  ststicn  .  In  this  instartcs?  the  sneroneter  et  the 
nesrest  ststiori  (Great  FsUs)  is  st  6v7  r.c-ters  uhile  the  sneroreter  at  the  sits 
yss  10  iTPtsrS'.  This  difference  was  edJusted  ba  the  stsndsrd  r/ethod  used  in  the 
industry.  csUed  the  '1/7  pcuer  Isu" : 


H 


U  =  wind  sfeed  st  Keisht  H 

V  =  wind  spsed  st  s  reference  height  h>  snd 

N  =  1/2  fcr  0  tc  5  MPH  winds 
=  1/5  for  5  tc  35  f,PH  winds 
=  1/7  for  winds  sreeter  than  35  KPH. 


In  addition  to  the 


'istion  in  tower  heishtj  there  exists  s  tir^e  Iss  in 


westher  between  the  site  snd  the  weather  service  station .  To  sccor.odsts  this 
effect?  the  correlations  for  each  three-hour  Fsriod  were  aversSed  tosether  to 
cbtsin  s  daily  correlation  factor.  Frori  these  everass  daily  correlation  factors* 
weeKly?  ir.onthly  and  period  correlation  averssas  were  calculated;  LiKeuiss? 
the  correlation  factor  Fsrcentass  sr-ectrur.  and  the  riesn>  naxiEur  and  naniniUP 
correlation  factors  were  selected  fror.  the  daily  aversse  correlation  fsctons. 


This  t.a'-H 
seosr  a?' 


i  i  i  'J  1 J 

;  1 ..  CO 


y'erases  out  the   lead/las  weather   variations  between   two 


'atec 


Lons: 


-  To  calculate  s  wind  speed  correlation  factor?  three  hours  of  site  data  were 
averased  together  to  correspond  to  the  three-hourly  average  readinss  fror  the 
weather  service  station,  The  weather  service  reedins  was  extrapolated  uf-  to  a 
sensor  heis'ht  of  10  n-etsrs.  Finally  the  site  three-hourly  averass  speed  was 
divided  by  the  adJsted  weather  service  station  reading  to  obtain  a  thres-hcurly 
averase  correlation  value.  Eight  three-hourly  average  correlation  factors  were 
S'jsr-Bisn   to  produce  a  daily  average  correlation.  Daily  averase  correlation 
factors  were  then  sverased  by  the  weeK?  Ficnth  and  period  to  produce  average 
correlation  factors.  The  nean?  Uisxirur:  and  naninur:  correlation  factors  were 
selected  fror  the  daily  average  correlation  factors. 

The  final  level  of  data  analysis  was  projection  o^  r^axir.urf  r.ininur-.  and 
average  arounts  of  wind  which  can  reasonably  be  expected  at  the  rionitcring  site 
over  a  ten  year  period.  In  this  process?  both  wind  spsed  end  wind  power  density 
were  projected?  by  applying  the  rionitorins  period  correlation  factor  to  the  wind 
sp-eed  data  fron  the  previous  ten  years  at  the  National  Ueather  Service  Station 
at  Gore  Hill  in  Great  Falls >  To  project  wind  spsed?  three-hourly  average  speed 
data  fror.  the  weather  station  was  extrapolated  to  an  elevation  of  10  cetera? 
multiplied  by  the  monitoring  period  correlation  factor?  then  averased.  For  wind 
power  density?  each  three-hourly  average  speed  was  first  cubed?  then  added  into 
the  running  total  used  to  calculate  the  average  wind  power  density.  Separate 
running  totals  of  the  three-  hourly  averages  were  r;3intained  for  both  the 
iionthly  and  yearly  averages. 

The  ircst  useful  statistic  to  corpare  the  potential  of  several  sites  is  the 
wind  power  density.  But  even  though  wind  power  density  is  by  far  the  n.ost 
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ij-.pful  5l3lis'.ic5l  tool  for  wind  Ssnersior  sits  ssleclionj  it  is  usueil'i  the 
lessl  us'-n  bv  yind  devalGpers  v  Wind  Fouer  d&n  =  ily  is   defined  ast 


P=  (l/2)pkV 

I*  1  '  C  '  "T   I    ~   W  i.  i  I  ■_.   .  L'  w  fri    ij  TT  1  J  ~  J.  V  2 

r   —  o  1  r  G  ?  M  S  1  L  = 

V   —   VW  i  I  I  '  J   3  ■""  t  ■=  U 

!■;  =  3  Fropcriionslily  conslant.  usad  lo  resolve  differences  in  units  of  the 
vsriouS  eG!j?iicn  lerr.s 
N'cle  ihsl  sir  density  f  is  defined  sst  p  =  A/(  RT ) 
ivhere  A  =  strnspheric  pressure 

R  =  ideel  sss  constanty  for  air  is  233*7  Jouie/Ks  degree  Kelvin 

T  =  sbsGlute  air  teDperature. 


The  final  wcrKina  version  of  this  equation  ist 

A  y  (  .01547) 


P= 


(5/9)(T-32)  +  273.15 


yhsr 


5  A  =  average  air  pressure  in  ir.illibsrs 
'J   =  the  averase  of  the  three-hourly  MPH  wind  speed  readings  cubed 
T  =  sversse  teriperature  in  degrees  F. 

The  reason  wind  power  density  is  a  better  basis  than  avsrsge  uind 


•Fr.r-  '=, 


elsctins 


;ite  for  s  wind  generator  becones  clear  through 


sPa; 

understanding  the  EQuation  for  uind  power  density  given  shove.   It  shows  thst 
the  power  in  the  wind  and?  therefore?  the  power  that  can  be  absorbed  fror:  the 

-rcportionsl  to  the  cube  of  the  wind  spsed.   If  ar 
calculate  the  wind  power  density*  the  evsrsge 
speed  r-.i*'es  all  the  instantanaaus  wind  sPseds  above  the  average  speed  with  ail 
the  instantaneous  speeds  below  it  on  a  linear  scale.  When  the  average  speed  is 
cubed  it  will  yield  a  r.uch  lower  value  than  if  each  instantaneous  wind  speed 


,|.,„J  ,_„! 
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then  all  the  cubed  speeds  averaged.  The  following  e;;a:T\ple 


illustrates  this  factt  averaging  the  following  nui-^bers  ( 0»9ir  15>31»23f  U»6j4»0  ) 
and  cubing  the  result  yields  a  value  of  1630.  Cubing  each  nur.ber  and  averaging 
the  cubed  values  yields  a  value  of  6541.  Note  the  arount  of  error.  The  longer 
the  averages  used  in  projecting  wind  power  density  the  greater  the  error  in  ths 
wind  pcv;er  density  beccres. 

The  above  esuatior  for  wind  power  density  also  accounts  for  the 
difference  in  sir  density  between  the  suir.rer  end  winter  months  by  its  use 
cf  ronthly  average  air  terperature  and  pressure  to  calculate  rionthly  wind 
power  density.   In  addition?  it  accounts  for  the  air  density  at  the  site  as 
related  to  elevation  above  sea  level?  sssur.ing  the  site  elevation  does  not 
significantly  differ  fror  that  at  the  National  Ueather  Service  Station. 


The  monthly  and  yearly  niav.iriur;.?  cinitur,  and  average  wind  year's  speed  and 
percentage  sPeed  profiles  were  calculated  in  the  ssre  ranner  as  the  percentage 


1-. 


ed  profiles  previously  discussed:-  The  only  difference  being  that  the  data 


being  surrarized  was  a  year  of  National  Ueather  Service  Station  3-hcurly 
e'-'ef^ages  and  that  the  sur.r.ary  periods  are  by  the  ronth  and  year. 


The  ;;>cnthly  and  yearly  average  wind  speed  percentage  profile  is  the  r.cst 
useful  iter,  in  the  report  for  estiratins  the  actual  cuput  of  a  wind  generator 
at  the  nonitoring  site.  See  the  Data  Use  section  for  a  description  of  this 
rethod. 
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Lists  U^e 

Fir=.t!  refer  to  AprsnGi,-;  I  snd  corpsre  the  oversss  wind  Fcw&r-  dsniil-i  at 
vGur  n.criiloreQ  site  to  the  densities  st  ether  sites  in  the  stete,  ( Corr-e-iscr;  of 
wind  FG'-jer  densitiirs  prcides  the  best  rieture  oT  hcu  one  site's  Fotentiei 
cor^rcTes  wiuh  Gtiieps+  / 


Ns.-'tr  estirste  the  F-cuer  output  ycu  nisht  expect  fror  s  perticuler  wind 
3en.^'rctcr  installed  st  your.  site.  You  will  need  the  sener-stor-  rsouf  scturer' s 
uind-SFeea-v^rsus-POwer  output  Srsph?  or  "pcwer-  characteristic  curve'  as  it  xs 
sor.etir^es  called  (Appendi;;  II  is  such  e  curve  for  e  Holec  Uindinetic  Dccel  US 
wind  3ener?tor)?  snd  the  ''Avers^e  Monthly  end  Yesrly  Wind  Speed  and  Percentass 
Spssd  Profile"  of  ycur  site.  Follow  the  procedure  in  the  e.-te-hT-le  below  to 
sstirste  yeerly  (or  n.cnthly)  a'eneretor  ouput.  Then-  to  celculste  s  dollar  value 
of  the  power  thst  sener-ator  n.isht  generate  under  the  conditions  st  your  site? 
Mlliply  the  sstir.ated  seneretor  output  bi  the  value  of  the  electricity  you 


In  the  following  exar.ple  use  the  Power  Characteristic  Curve  in  Ar-pendiM  II 
and  the  followins  annual  wind  sPeed  percentage  spsctrur:; 

FERCEN'T  OF  UlN'D  IN  VELOCITY  BRACKETS 
<10  <11  <12  <13  <14  <16  a3  <20  <22  <24  <26  <23  <30  <32  <34  <3S  <40  >40 


'^l 


c-     IT     1  A 


110   0   0 


The  first  step  is  to  convert  these  annual  percentage  figures  into  the 
nurber  of  hours  per  year  the  wind  blew  in  each  bracKet.  Multiply  the  percent 
value  fro'  the  percentage  spectrur.  by  the  nur.ber  of  hours  in  a  year?  (3o5  X  24  - 
S^ZiO  hours  in  a  yesr).  The  wind  blew  ,41  X  S?760  =  3?5?i.6  hours  during  the 
year  st  speeds  in  the  less-thsn-lO-MPH  bracket.   For  the  second  bracKet>  the 
wind  blew  .05  X  8^760  =  433  hours  st  speeds  between  10  and  10. ?9  hPH.  This 
process  can  be  continued  for  each  bracKet  of  the  spectrur  •,  The  final  result  will 


<11 


PERCENT  CF  UIND  IN  VELOCITY  BRACKETS 
;i2    <13  <U     <16  <13  <20    <22   <24 


■-.  jI-VJ   •  *  * 


3r591.6  433  733.4  350.4  43S  1051.2  S76  433  262.3  175>2  37.6  ...   C  ... 
NLiHBER  CF  HCijRS  THE  UIND  BLEU  IN  EACH  PERCENTAGE  BRACKET 

The  ne;'t  step  is  to  assign  a  fiPH  value  to  the  riddle  o^  each  velocity 
bracKet  snd  then  use  the  Power  Characteristic  Curve  to  find  the  generator's 


power  output  for  each  associated  r.idpoint  speed:.  The  riiopoint  of  each  velocity 
bracKet  has  been  rounded  to  the  nearest  MPH  for  convenience  below. 


MIDPOINT  DP  VELOCITY  BRACKETS  ( hPH  ) 
5  11  12  13  14  15  17  1?   21  23  25  27  29  31 


37  39  41 


\J\J  U  ._     U  V 


C   0   0   2   4   7  11  17   21  27  33  39  45  50  55  59  -'^  -"^ 
GENERATOR  OUTPUT  (  K'J  )  FRCfi  PQLER  CHARACTERISTIC  CURVE 


To  do  the  final  step*  n.ultiply  the  nui-rter  o"  hours  in  each 
bracKet  by  the  gensrstor  output  end  add  all  of  the  ouputs  together  to  ebtair  the 
tots!  generator  output  for  the  period-  wnichf  in  this  e;;arple?  is  ore  year. 
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r'.IDPCIf.'T   CF  VELCCT.TY  BRACrETS   (f^.FH) 
15  i;'  19  21  23  25 


DTprnri    rcv-o  vTn;:.    piiTDUT    ftiiui    pec    t^j-ici 

I    '_  K  i  U 1.'     u  u  1 » i_ . '  n  1  L  r      U"-'  I  I    C  i      ^  i «  w  n  ^     r  l.  i       D  1.  n  '^  1   i_  i 


3v42     ^3SC 


In   this   £.:srrl£?    ths  ss.-israf-or   ouIpuI  for   Ir. 


Fen  or 


;:;:r  )   is 


r  t  .  "7  T  1      L- 1  I ', 


1  Ki^h.  To  find  the  vslus 


elaclricilv;  uhich  Uuuid  theorslicciiy  b; 


this  gsnprslor  3',  5  sits  with  this  uind  SFsed  Froril£>  Fuiii-l'i  Ihe 
vslus  of  the  electricity  by  the  totsl  productior^.   In  this  ei'.srr-le  us  uiU  des 
$.062j/KUh  for  the  unit  vsiue  of  disFleced  electricity.;  therefore?  the  totel 
Vcl'.je  of  the  displaced  electricity  would  be  ■t3i'2j5-69  per  yeer. 

Ho'^every  nisny  factors  other  than  the  cost  of  the  senerstor  end  the  value  of 
disPlcced  electricity  n.ust  be  considered  to  r.aXe  a  realistic  evalustior  of  the 
econor.ics  of  wind  electric  senenation  at  your  site — factors  such  est  the  ope- 
tine  costs  of  site  preparation  (land  rentai>  road  ir.proveri&nt^  pot;er-  line 
instalietion  and  corrisction  );  lesal  fees»  charses  for  the  foondaticn?  freisht 
charsss?  fees  for  inspection  and  syster  checKoi.itT  and  the  continuous  e;;:-er.sss  of 
insurance?  operation  and  n.aintenarce*  Ths  follcuins  breaKdoun  gives  a  broad 
guideline  for  the  cost  of  s  lars'es  scale  uind  deveioprentt 


Tcuer  and  Site  Access  - 
Foundation/Site  Freparstion  - 

u  r  T  r  o  ■  J  i  Q .  1  ^  /  1  1  o  1 M  '^  e  1 1  ^  i  I  ■_  c 
n  3  ■:;  rr  r  D  i  :;  /  '^  ft  d  L  i .  U  U  L 

Eauiprent  TraMSPortatior:   - 


11  >: 

9": 
s?: 


juij  *    K.-  ^      It   Gi  -     r  u  i_'  .k  i  L  c  'v  1  QJ I     w  C.i\  J.  /  ». 
T Fv  r-  4  ;  1  ■ .  4  5  ,     n ,-\  r"*-  r-  r     ^  Qor^ 


;y   the  Solar    Enersy   F^i 


are  per cent=fies   to  every 

Aii  :? '^  o  *  1  Ci -^  1.0;     -'      L-u  '-•      ^^ii-      i  1  1.  T  i  i.  >  iGU'J      1^      CiWo  =  :;     c      Sw^Q      I/iic-l^      O'^litri        CUzus     U  J.  1  A      0  u  C  u  1 


S'.t    • ;- - 


rule  of  thurbi 


t  <i    r\  r-.         ^  1 


that  has  a  uind  pouer  density  of  over  200 
se  wind  speed  o'f  12  firH  for  at 
least  six  r.onths  per  year  should  considered  for  uind  developnent.  The  final 
decision  to  develop  your  uind  potential  is  an  investr.ent  decision  uhich  deserves 


.  I . 


1 1 1  V  'r  o  '. 


sn;,, 


-•endix.   Ill   is  a  sus'sested  uind  electric  seneration   devslcp-ent 


page: 


HOU  TO  UNDERSTAND  THIS  DATA 


Profile".      This  suntiTisry  sheet  sives   the  wind  s^sbq  rscordsd  by   the  rioriitoring 
systPtr,  while   it  wss  st   the  site.     The  "UNLY  AVG  SPD"   column  sives   the 
ra'v'srsse  wind  speed  for   esch  weeK   snd  nonthf   and   the  wind  Sread  percentaBe 
speciruni   sives   the  Percent  of   tine  during  that  weeK   the  wind  was  blowins   in 
3  particular   wind  speed  bracket,   For   exan.Ple?   consider   the  followins  spectruct 

PERCENT  OF  WEEKLY  WIND  IN  VELOCITY   BRACKETS 
<10   <11   <12  <13  <U  <16  <13  <20  <22  <24  <26  <23  <30  <32  <34  <36  <33  >33 

32       63401        140       0       0000000       0 

In   this  weeK's  exsriple?   32%  of   the   tinie   the  wind  bleu  between  0   and   10  tiPH? 
61  of  the   tirie  it  blew  between   10  and  11  HPH»   3::  of  the  tirie  between   11  and  12 
HPH»    4/.  between   12  and   13  HFH?   etc. 

The   BiUlti-pase  suir^niary   titled   "Wind  Speed  Sumnary  <  in  HPH  )  and  pBrcentaa:e 
SPsctrur;"    contains  daily?   weeKly  and  nionthly  average  wind  speeds   and  a  wind 
SPsed  percentsge   spectruni  for   each  speed  aversse.     This  surinary   should  be 
interpreted  in   the  sa^.e  n.snner   as   the  preceedins  summary. 

Cn   the  sur^riopy  sheet   titledf    "UeeKly  and  Honthly  Average  Mind  Fewer 
Density?"    the   last  colur^n  sives   the  weeKly  and  !T,onthly  average  wind  power 


'j=it  = 


>. 


at  ths  site  during  the  r^onitcring  period.  The  average  wind  speed  in 


It'rn       A3     w  J.  SU      Zi  lUWil   » 

The  suKr.sry  sheet  titled?  "UeeKly  &  tionthly  Uind  Direction  Prcfiie?^'  gives 
the  sPproxiRate  percent  of  tine  the  wind  was  blowing  in  each  of  the  8  different 
cosrssi  directions  during  the  n.onitoring  period.  (Please  note  that  these 
directions  are  based  on  magnetic  North?  not  geographic  North.) 

The  "Mean?  Hininun  and  ttaxiriuir;  Correlation  Factors  and  Frequency  Percentage 
SPeclrun"  sunnary  is  the  statistical  core  of  the  report.   It  gives  the 
correlstion  factors  which  corr-psre  the  wind  speeds  at  the  nionitoring  site  to 
thosp  at  the  nearest  NCC  weather  station.  The  right  half  of  the  table  is  a 
"Frsnuency  Percentage  Spectruui  of  Correlation  Factors"  for  esch  tirie  period? 
which  shows  the  percent  of  correlation  factors  that  fall  into  each  bracket  of 
the  sPBciruri.  The  smoother  the  distribution?  the  niore  valid  the  correlation 
factors. 

These  correlation  factors  express  the  wind  speed  at  the  site  as  a  percent 
of  the  wind  speed  recorded  at  the  sane  tine  at  the  NCC  weather  station.  For 
sxsiTip'let  if  the  site  wind  speed  is  5  Hiph  and  the  NCC  weather  station  wind  speed 
i5  10  sPh?  the  correlation  factor  for  that  instant  is  5/10  =  .50?  i.e.? 
the  site  wind  speed  is  50"i  of  the  wind  st  the  NCC  station.   If  the  wind  speeds 
are  reversed?  the  correlation  factor  is  10/5  =  2.  If  the  wind  speeds  at  the 
site  and  the  NCC  station  are  eaual?  the  correlation  factor  is  1.00. 

Next?  there  are  three  sheets  titled?  "honthly  and  Yearly  Average  Uind  Power 
Density  In  Ualts/SQ.  heter".  The  first  one  gives  the  average  ("Mean  Uind  Year')? 
the  next  gives  the  lowest  ("hininuri  Umd  Year")  and  the  third  gives  the  highest 
( 'Msxitur:,  Uind  Year")  wind  power  density  liKely  to  occur  at  the  site  over  a  ten- 
year  period.  If  a  site  owner  is  considering  installing  a  wind  generator?  these 


PAGE  S* 

3h?ei,5  sive  sn   id=5  cf  how  th9  senersicr   o'.il?ul  csn  b=  e;:Fecled   to  ^Jc,v6  c=   the 
wind   F-ouer  density  vsries  fror.  yesr   to  y&ar. 

Finally?    there  sre  three  s^jr^r^sries   titled?    "fionthly  snd  YeErly  Aversse  Llind 
Speed  (HPH)  snd  Percentage  Sr-eed  Profile."   LiKe   the   three  preceedins  su-iririesj 
thrsp  slsn  0551   with   the  ^lesn?   ndniriUP;   snd  risxirur,-  wind  yesrs.      But  while   the 
FrcC^edins  surr^Pories  estir-.ata  wind  rOwer   density?    these  estinste   wind  Sreed 
sversses — the  seen?   ":inir-iir.  and  n^S/driUiTi  iTiOnthly  and  yearly  avsraSe  wind  speeoa 
liKely  to  occur   st  the  site — and  srranse   then:  by  r-ercentase   into  velocity 
brscKets-,     To   interpret   the  velocity  bracKets?   see   the  description  above  of   the 
''(JinG  SP58d  Sur.n.ary  snd  Percentase  Speed  Profile". 


The   Data  Use   section   of   this  report  contains  directions  for   usins   these 
su-iiT'Sries   to   estiiiiate   the  nionthly   and  yearly  output  of  a  wind  Sensrator 
operstinS  at   a  heisht  of   10  nteters  (33  feet)  under   the  saiiie  conditions  ss   those 
fcund  at    the  site.     Since  inost   senerstor   towers  are   taller   than   10  neters  and 
sincR  yind  sPeed   and;    therefore?   wind  power   increase  as  the  heislht  above   the 
surface   increases?   it  follows   that  an   estirpste  based  on   this  data  and  using  this 
!;:ethoQ  will  be  a  conservative  one. 


UIND  SPEED  SUMMARY  (IN  HPH  )  i>  PERCENTAGE  SPEED  PROFILE 


location:  CONRAD 
STARTING  TIHE:   1700  HOURS 
STARTING  date:   12/15/30 


touer  height:  lo  heters 


WEEK    UKLY  AUG  SFD 
ENDING    KPH  /  DAY 


PERCENT  OF  WEEKLY  UIND  IN  UELGCITY  BRACKETS 
<10  <11  <12  <13  <14  <16  <13  <20  <22  <24  <26  <23  <30  <32  <3^ 
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note:  %   INDICATES  THAT  A  WEEKLY  AVERAGE  IS  FOR  FEUER  THAN  7  DAYS. 
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UIND  SPEED  SUiiMARY  (IN  HPH )  AMD  PERCENTAGE  SPECTRUM 

location:   CONRAD  TOUER  HEIGHT:   10  METERS 

STARTING  TIME;   1700  HOURS 
STARTING  date:   12/15/30 

PERCENTAGE  WIND  SPEED  PROFILE 
DATE    AVG  UIND  SPD  <10  <11  <12  <13  <14  <16  <13  <20  <22  <24  <26  <23  <30  <32  <34  <3^ 

15  *23.4     7  HRS 

16  12.9 

17  11.4 
IS  11.9 
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note:  *  INDICATES  THAT  A  DAILY  AVERAGE  IS  FOR  FEUER 

THAN  24  HOURS.  THE  TOTAL  NUMBER  OF  HOURS  IS  GIVEN. 


STARTING   time: 
STARTING   date: 


0000  HOURS 
1/  1/31  ' 
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A'v'G  WIND  SPD  <10  <11 


PERCENTAGE  UIND  SPEED  PROFILE 
;i2  <13  <14  <16   <13  <20  <22  <24  <26  <23  <30  <32  <34  <3.; 
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0 

0 

0 

UKLY  AVG=>  6.8 


83 


1   1 


0   G 


11 
12 
13 
14 
15 
16 
17 


O.J 

4.2 
5.9 

7  n 

5.9 
7.4 


UKLY  AVG=)  6.4 


13 

*  6.2 

19 

20 

4.4 

21 

7.4 

22 

23 

6.9 

24 

15.9 

UKLY    A'v'G=:: 

•■     7.8 

25 

6.9 

26 

3.4 

27 

3.5 

28 

5.4 

29 

3.6 

30 

6.1 

31 

8.0 

UKLY    AVG=; 

V     5.3 

HR! 


96 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

G 

C 

75 

3 

3 

0 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

p. 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

G 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

G 

79 

8 

13 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

G 

Q 

G 

92 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

G 

G 

71 

4 

0 

3 

4 

3 

4 

0 

0 

0 

0 

0 

0 

0 

G 

Q 

G 

A 

87 

5 

4 

1 

1 

i. 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

G 

A 

p 

95 

5 

0 

0 

0 

0 

0 

0 

0 

c 

0 

0 

0 

0 

A 

Q 

G 

G 

92 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

V 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

G 

0 

G 

79 

O 

4 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A 

0 

79 

0 

3 

4 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

G 

V 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

V 

4 

4 

0 

0 

13 

3 

13 

25 

3 

4 

0 

0 

0 

0 

G 

0 

n 

1  1 


0   0 


96 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

G 

G 

0 

A 
'.J 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

G 

0 

0 

0 

0 

100 

0 

0 

0 

0 

0 

G 

0 

0 

0 

G 

0 

0 

G 

0 

G 

0 

C 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

G 

G 

0 

0 

C 

G 

c 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

G 

92 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C 

C 

75 

4 

4 

0 

0 

4 

4 

4 

4 

0 

0 

0 

0 

0 

G 

0 

G 

C 

95 


1   1 


JAN 


6.5 


1 


1 


1 


1 


1   1 


note:  *  INDICATES  THAT  A  DAILY  AVERAGE  IS  FOR  FEUER 

THAN  24  HOURS.  THE  TOTAL  NUMBER  OF  HOURS  IS  GIVEN, 


PAGE      3 

STARTING   time:      0000  HOURS 

STARTIt^G    date:        2/   1/31 

PERCENTAGE  WIND  SPEED   PROFILE 
DATE         AVG   UlfJD  SPD     <10  <11   <12  <13   <U   <16  <13  <20  <22  <24   <26  <23  <30  <32  <34  <36   <3S  >3G 

83  000  0  034000000  OOOC 
lOOOOOOOOOOOOOOOCCOC 
92  4400000000000000 
54  4330  17  44000000000 
92  0000300000000000 
29  8  4  S  0  17  17  0  17  0  0  0  0  0  0  0  0 
67S84440040000000       0 

74       4431741300000000 


1 

7,0 

2 

5.7 

3 

6.4 

4 

9.4 

5 

6.2 

6 

13.6 

7 

8.5 

UKLY    A'v'G=> 

3.1 

8 

9.5 

9 

10.6 

10 

10.4 

11 

3.0 

12 

5.9 

13 

10.4 

14 

12.2 

yKLY  AyG=> 

9.6 

15 

9.4 

16 

12.7 

17 

13.5 

18 

16.1 

19 

15.1 

20 

16.3 

21 

15.1 

53 

0 

C 

0 

17 

3 

13 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

54 

0 

3 

4 

13 

0 

13 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

46 

17 

Q 

13 

4 

0 

4 

0 

4 

0 

4 

0 

0 

0 

0 

0 

0 

7=: 

4 

0 

0 

0 

4 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

c 

83 

4 

4 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

l~. 

42 

4 

13 

13 

17 

3 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

17 

21 

17 

21 

0 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

54        773347410100 


4  3  0  13 

0  4  0  4 

4  4  3  13 

4  4  0  0 

3  0  0  4 

4  4  0  21 


54 

13 

42 

8 

46 

3 

11 

13 

50 

4 

33 

4 

TO 

0 

4 

4 

4 

4 

0 

4 

4 

0 

0 

0 

0 

3 

0 

4 

3 

4 

0 

3 

4 

0 

0 

r\ 

0 

3 

4 

3 

0 

3 

4 

4 

0 

0 

fs 

0 

4 

0 

4 

4 

3 

4 

4 

3 

0 

0 

0 

3 

4 

13 

17 

4 

0 

4 

0 

V 

C 

4 

13 

17 

3 

0 

0 

0 

0 

0 

0 

A 

liKLY    A'v'G=>  14.1 


22 

e.i 

75 

4 

4 

4 

4 

4 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

V 

23 

8.0 

S3 

0 

3 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

24 

*  3.7 

20 

HRS 

80 

20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25 

NO   DA 

iTA 

25 

%  6.3 

10 

HRS 

90 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q. 

0 

26 

3.3 

71 

8 

4 

13 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

27 

4.6 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

23 

3.6 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A 

0 

UKLY  a';g= 

=>     6.3 

86 

5 

3 

3 

1 

n 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

FEB  9.6  63       6553543221111 

note:     *:    INDICATES  THAT  A  DAILY  AVERAGE   IS  FOR  FEUER 

THAN  24   HOURS.      THE  TOTAL  NUMBER  OF  HOURS   IS  GIVEN. 


PAGE      4 

STARTING   time:      0000  HOURS 

STARTING   date:        3/   1/31 


DATE 


A'v'G  WIND  SPD 


PERCENTAGE  UIND  SPEED  PROFILE 
<10  <11  <12  <13  <14  <16  <13  <20  <22  <24  <26  <23  <30  <3: 


■■...^i 


UKL 


1 

5.5 

92 

0 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

V 

A 

2 

8.i 

75 

0 

8 

0 

0 

0 

3 

3 

0 

0 

0 

0 

0 

0 

0 

A 

0 

0 

3 

4,6 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

A 
V 

4 

4.2 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

0 

0 

0 

5 

9.9 

50 

0 

0 

13 

0 

3 

29 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

6 

9.3 

50 

0 

3 

0 

25 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

7 

5.3 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A 

c 

Y  A'v'G= 

>  6.3 

31 

0 

3 

2 

4 

2 

7 
/ 

1 

0 

0 

0 

0 

0 

0 

0 

c 

c 

0 

8 

%   4.3  16  HRS 

03 

6 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

NO  DATA 

10 

NO  DATA 

11 

NO  DATA 

12 

NO  DATA 

13 

NO  DATA 

14 

NO  DATA 

UKLY  A'v'G=>  4.3 


0   0 


6.4 


32   1 


1 


note:  *  INDICATES  THAT  A  DAILY  AVERAGE  IS  FOR  FEUER 

THAN  24  HOURS.  THE  TOTAL  NUMBER  OF  HOURS  IS  GIVEN. 


UEEKLY  Af^D  hGMTHLY  AVERAGE  WIND  PO'JER  DENSITY 


location:   CONRAD 
STARTING  time:   1700  HOURS 
STARTING  pate:   12/15/80 


TOUER  height:   10  fiETERS 


WEEK  EHDIN'G  AVG  WIND  SPEED 
(  MPH ) 


1/  3 
1/10 
1/17 
1/24 
1/31 


6.4 
7.3 
5.3 


AVG  PRESSURE 
(  HBS ) 


A'v'G   TEfiPERATURt 
(DEGREES  F) 


{  I'-^TTQ  ''^<~'        ^TTro  \ 
I,   U rl  1   1  O  /   U'.i  *      Hi-  I  i_ I \  / 


12/20 
12/27 

*12.2 
11.1 

114 
126 

DEC 

10.9 

371.9 

23.0 

104 

33 
35 
23 
61 


JAN 


391.9 


isj  »  d 


0^ 


2/  7 
2/14 
2/21 

2/23 


3.1 

9.6 

14,1 


81 

281 

38 

1  7 


FEB 

9.6 

339.2 

30.3 

114 

3/   7 
3/   3 

6.3 
*  4.3 

40 
13 

MAR 

6.4 

337.3 

37.2 

33 

note:    X   If^DICATES  THAT  A  UEEKLY   AVERAGE   IS  FOR  FEUER  THAN  7   DAYS. 


UEEKLY  &  MONTHLY  UIND  DIRECT  I  OfJ  PROFILE 

Holel   The  wind  direclion  values  read  froK.  the  slrip  ch=rls  were  inter Freter 
35  5Fecified  by  the  msnuf 3cturer r  i.e.r  .25  inch  of  striF  chsrt  lensth 
representins  15  minutes  cf  direction  dsta.  No  sttenpt  wes  nisde  to  correct  wind 
direction  date  to  account  for  recorder  niotor  speed  vsristions  es  sribient 
tenpersture  varied.  The  greatest  sF-eed  variation  we  noted  an.ounted  to  ■!•  cr  - 
17.157.,  However  >  a  correction  was  made  in  the  wind  speed  data.  Thus  the 
distribution  of  the  wind  direction  data  in  the  table  below  does  net  correspond 
to  the  distribution  of  wind  speed  over  the  sar^e  period  of  tine. 


LOCATIOH:  CONRAD 
STARTING  time:   1700 
STARTING  date;  12/20/30 


WEEK 

-PERCE 

NTAGE  PROFILE  OF 

liIND  DI 

RECTICf^- 

ENDING 

N 

NU 

U 

SU 

S 

SE 

E 

NE 

12/20  * 

0 

30 

21 

21 

0 

0 

0 

12/27 

0 

32 

44 

14 

10 

0 

0 

0 

DEC 

0 

31 

34 

20 

15 

0 

G 

C 

1/3/81 

0 

47 

35 

13 

6 

0 

0 

1/10 

0 

40 

30 

13 

17 

0 

0 

0 

1/17  * 

0 

41 

29 

23 

3 

0 

0 

V 

1/24  * 

0 

41 

46 

11 

1 

0 

c 

{\ 

1/31 

0 

49 

19 

20 

12 

0 

0 

V 

JAN 

0 

44 

32 

15 

9 

0 

0 

■J 

2/7 

0 

50 

23 

10 

11 

0 

0 

A 

2/U 

0 

22 

43 

30 

6 

0 

0 

V 

2/21  * 

0 

40 

33 

13 

3 

0 

0 

2/23  * 

0 

62 

15 

18 

6 

0 

0 

c 

FEB 

0 

41 

32 

19 

3 

0 

0 

c 

3/7  * 

0 

50 

25 

12 

12 

0 

0 

0 

«AR 

0 

50 

25 

12 

12 

0 

c 

c 

PERIOD  tot: 

0 

41 

32 

17 

10 

0 

0 

0 

*  this  ueeK  contains  less  than  7  days  of  direction  data? 

the  direction  sensor  was  aliened  with  the  aasnetic  north  pole 


hEANj  MINIrtUii  AND  HAXIiiUh  CORRELATION  FACTORS  AND  FREQUENCY  PERCENTAGE  bPECTRU^, 

location:   CONRAD 
DNRC  TOUER  HEIGHT:   10,0  METERS 
NCC  TCliER  height:    6.7  METERS 
STARTING  time:   1600  HOURS 
STARTING  date:   12/15/SO 

(1.0  =  PERFECT  SITE/WEATHER  STATICN  CGRRELATICN) 
UEEK    <-CCRRELATI0N  factors-;-   ■        FREQUENCY  PERCENTAGE  SPECTRUM  OF  C.F.'S 
ENDING   MEAN   MINIMUM   MAXIMUM    <.3  <.6  <.?  <1.2  <1.5  <1.8  <2.1  <2,A   ^2.7  <3.C  >3,C 


12/20 

*0.85 

0.43 

1.05 

0 

17 

50 

33 

0 

0 

0 

0 

0 

c 

0 

12/27 

0.93 

0.53 

1.59 

0 

14 

43 

14 

14 

14 

0 

0 

0 

0 

A 

DEC 

0.36 

0.37 

1.59 

0 

2? 

35 

24 

L 

6 

0 

0 

0 

0 

C 

1/   3 

0.61 

0.35 

1.11 

0 

57 

29 

14 

0 

0 

0 

0 

0 

0 

A 
V 

1/10 

0.62 

0,36 

0.76 

0 

43 

C7 

0 

0 

0 

0 

0 

0 

0 

1/17 

0.63 

0,43 

1.03 

0 

c"7 
J/ 

29 

14 

0 

0 

0 

0 

0 

A 
V 

K) 

1/24 

0.57 

0 » *j*j 

1.20 

0 

S6 

0 

14 

0 

0 

0 

0 

0 

A 

V 

C 

1/31 

0.73 

0,31 

1.19 

0 

29 

43 

29 

0 

0 

0 

0 

0 

0 

i^;. 

JAN 

0.63 

0,31 

1.20 

0 

52 

35 

13 

0 

0 

0 

0 

c 

0 

'^ 

2/  7 

0.72 

0,57 

0,95 

0 

14 

7  1 

14 

0 

0 

G 

0 

A 

0 

C 

2/1 4 

0.61 

0,42 

0.92 

0 

71 

14 

14 

0 

0 

0 

0 

V 

c 

■J 

2/21 

0.60 

0.37 

0.73 

0 

29 

71 

0 

0 

0 

0 

,-1 

0 

0 

0 

2/24 

;ji0.66 

0.41 

1.07 

0 

67 

0 

sJ.^ 

0 

0 

0 

0 

G 

A 

,"1 

V 

0.74 

0,52 

1,03 

0 

25 

50 

25 

0 

0 

0 

''' 

,^ 

,-1 
'J 

v' 

FEB 

0.66 

0,37 

1,08 

0 

3? 

46 

14 

0 

0 

'J 

\J 

'■J 

Q. 

3/  7 

0,79 

0,34 

1 ,34 

0 

2? 

43 

14 

0 

n 

c 

Q 

0 

3/  S 

0.S7 

0.37 

0 

0 

100 

0 

0 

A 

0 

A 

0 

•J 

V 

HAR 

0.30 

0.34 

1.34    ■ 

0 

25 

13 

13 

0 

0 

0 

c 

0 

,1 

STUDY 

PERIOD 

0.70 

0.31 

1.59 

0 

40 

40 

15 

n 

1 

0 

0 

c 

A 

note:  *  INDICATES  THAT  A  WEEKLY  AVERAGE  IS  FOR  FEUER  THAN  7  DAYS. 


HCN'THLY  AND  YEARLY  AVERAGE  UIND  FOUER  DENSITY  IN  U^^TTS/SQ.  flETER 

HEAN  UlHli   YEAR 


SITE  LOCATION':  COMRAD  NCC  WEATHER  STATION  LOChTION;  GREAT  FALLS 

STARTING  TIhE  FOR  PROJECTED  DATA:   200  HOURS  ON  1/  1/73 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR!  0.70 
PROJECTED  WIND  SPDS  AT  10  hETER  ELEVATION 


ttONTH  AVG  UIND  SPEED 
( iiPH ) 


AVG  PRESSURE 
(HBS) 


A'vG  TEMPERATURE 
(F) 


UIND  FOuER  DENbll'Y 
(U/n2) 


JAN 

12.6 

FEB 

10.1 

HAR 

10.7 

APR 

10.3 

MAY 

9.5 

JUN 

10,0 

JUL 

8.1 

AUG 

8.2 

SEP 

8.7 

OCT 

10. S 

NOV 

10.0 

DEC 

11.3 

H.9 


qo7  T 
Ou/    .  O 

S34.5 
8S6.9 
S36 .3 

GOT    =■ 

839.5 
839.0 
390. 0 
839.5 
833.7 
837.2 


X 


40.2 

u  J)  »  lb 
71.4 
71.2 
53.2 
49.2 

^  J   »   jL 

no    Q 


177 


92 


74 


87 


4'/ 


10' 


YEARLY  average: 
1973      10.0 


MONTHLY  AND  YEARLY  AVERAGE  WIND  PO'JER  DEn'SITY  IN  UATTS/SQ.  HETER 

HINIhUH  WIND  YEAR 

SITE  location:  CONRAD  NCC  UEATHER  STATION  LOCATION:  GREAT  FALLS 

STARTING  TIrtE  FOR  PROJECTED  DATA:   200  HOURS  ON   1/  1/7? 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  0.70 
PROJECTED  liIND  5PDS  AT  10  METER  ELEVATION 

«CNTH  AVG  UIND  SPEED     AVG  PRESSURE       AVG  TEHFERATURE     AVG  UIND  FOUER  DEr-'SITY 
(hPH)  (MBS)  (F)  (U/n2; 


JAN 

9.2 

QOT      7 

6.5 

100 

FEB 

10.0 

337.1 

13.3 

lU 

KAR 

9.6 

834.5 

34.7 

92 

APR 

9.2 

836.3 

40.7 

67 

MAY 

7.5 

336.4 

51.5 

44 

JUN 

3.0 

837.4 

62.9 

50 

JUL 

6,6 

839.5 

69.0 

27 

AUG 

7.0 

839.2 

63.5 

30 

SEP 

7.2 

870.2 

62.9 

33 

OCT 

7.5 

839.3 

49.4 

43 

NOV 

3.5 

833.6 

33.4 

49 

DEC 

12,4 

336.6 

34.6 

176 

YEARLY  average: 
1979      8.5  67 


MONTHLY  AND  YEARLY  AVERAGE  WIND  PGUER  DENSITY  IN  UATTS/SQ.  METER 

MAXIMUM  WIND  YEAR 


SITE  location:  CONRAD  NCC  WEATHER  STATION  LOCATION:  GREAT  FALLS 

STARTING  TIME  FOR  PROJECTED  DATA:   200  HOURS  ON   1/  1/74 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  0.70 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 


MONTH 

AVG 

WIND 
( MPH ) 

SP 

EED 

AVG  PRESSURE 
(  MBS  > 

AVG 

TEMPER; 
(F) 

hTLIRE 

AVG  UIND  PQUER  DENSITY 
( U/M2 ) 

JAN 

13.7 

833. S 
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835.2 

33.8 
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33.3 
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47.1 

67 

MAY 

9.8 
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49.5 

36 

JUN 

9.1 

S36.2 

66.9 

60 

JUL 

8.1 

833.9 

72.9 

50 

AUG 

7.2 

890.6 

62.9 

?' 

SEP 

7,5 

892.3 

54.3 

45 

OCT 

9.3 

891.6 

51.4 

T-7 

NOV 

10.8 

833.3 

33.7 

113 

DEC 

13.8 

835.5 

32.5 

217 

YEARLY  average: 
1974      10.4  11^ 


HOMTHLY  i>  YEARLY  AVG  WIND  SPD  (hPH)  AND  PERCENTAGE  SPEED  PROFILE 

HEAN  liIND  YEAR 

SITE  location:  CCNRAD  HCC  WEATHER  STATION  LOCATION:  GREAT  FALLS 

STARTING  TIME  FOR  PROJECTED  DATA:   200  HOURS  ON   1/  1/73 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  0.70 
PROJECTED  WIND  SPDS  AT  10  hETER  ELEVATION 

A'v'G  PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 

«ONTH  SPEED    <10  <11  <12  <13  <14  <16  <13  <20  <22  <24  <26  <23  <30  <32  <34  <3i  <35  <40  >40 

JAN  12.6  36  2       8       4       ?      13       7       7       7 

FEB  10.1  53  6       9       5     11        9       2       4       2 

MAR  10.7  48  677      12       9423 

APR  10.3  56  3       4       5     10       6       3        1        4 

MAY  7.5  59  S       6       4       S       5       3       2       3 

JUN  10.0  57  58548325 

JUL  8.1  77  3       4       4       5       2       2       0        1 

AUG  8.2  75  6        4        4        3        3        1        1        2 

SEP  8.7  69  54555322 

OCT  10.8  43  76976636 

NO'v'  10.0  56  73466334 

DEC  11.3  45  5       4       5       7       9       S       4       7 

YEARLY  average: 
1973        10.0  57       65577424 
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MONTHLY  &  YEARLY  AUG  UIND  SPD  (hPH)  AND  PERChfJTAGt.  SPEED  PROFILE 

HINIHUH  UlrUi  YEAR 

SITE  location:  COflRAD  NCC  WEATHER  STATION  LOCfiTIOU;  GREAT  FALLS- 

STARTING  TliiE  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/79 
Al'ERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  0.70 
PROJECTED  UIND  5PDS  AT  10  tiETER  ELEVATION 

A'v'G  PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 
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YEARLY  average: 
1979    8.5     63 


MONTHLY  &  YEARLY  AUG  WIND  5PD  ( hPH  )  AND  PERCENTAGE  SPEED  PROFILE 

MAXIhUh  UIND  YEAR 


SITE  location:  CONRAD  NCC  UEATHER  STATION  LOCATION;  GREAT  FALLS 

STARTING  TIhE  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/74 
AUERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  0.70 
PROJECTED  WIND  SPDS  AT  10  hETER  ELEVATION 
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PERCENT  OF  UIND  IN  (.'ELCCITY  BRACKETS 
<10  <11  <12  <13  <14  <16  <13  <20  <22  <24  <26  <28  <30  <32  <34  <3.i 


YEARLY  AVERAGE: 
1974   10.4 


;40  >4( 


JAh4 

13.7 

34 

J 

3 

7 

9 

3 

Q 

4 

10 

2 

3 

J 

1 

1 

0 

1 

0 

A 

0 

FEB 

14.0 

23 

6 

5 

7 

10 

15 

13 

6 

10 

7 

o 

1 

0 

0 

0 

0 

0 

0 

Q 

HAR 

12.1 

41 

7 

5 

6 

10 

7 

6 

4 

6 

7/ 

9 

0 

1 

1 

0 

1 

0 

0 

'^ 

APR 

9.3 

63 

7 

6 

3 

S 

4 

4 

2 

7 

0 

0 

0 

0 

0 

0 

0 

0 

c 

MAY 

9.3 

54 

8 

6 

r 
O 

11 

5 

3 

7 

5 

1 

0 

0 

0 

0 

0 

0 

0 

A 

A 

JUN 

9.1 

67 

5 

5 

3 

3 

4 

4 

7 

1 

1 

0 

0 

0 

0 

0 

A 

0 

A 

A 

JUL 

3.1 

72 

6 

3 

5 

3 

9 

1 

3 

0 

0 

0 

0 

0 

0 

0 

A 
V 

0 

0 

AUG 

7.2 

81 

8 

4 

4 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

A 

V 

0 

0 

A 

V 

SEP 

7.5 

73 

5 

3 

3 

3 

4 

n 

7 

1 

0 

0 

0 

0 

0 

•J 

0 

0 

A 

0 

OCT 

9.3 

59 

7 

7 

5 

S 

4 

3 

4 

4 

0 

0 

0 

0 

0 

c 

0 

0 

0 

NOV 

10.8 

47 

6 

4 

S 

10 

9 

7 

3 

6 

1 

0 

0 

0 

0 

0 

0 

0 

A 
•J 

c 

DEC 

13.3 

31 

5 

3 

7 

11 

10 

3 

5 

8 

4 

3 

4 

1 

0 

0 

0 

0 

A 

0 

1  1 


APPENDIX   I 
Aversse  Ye-srly  Uind  Ss^eed  i.  Wind  Power   Density   si   10  ^*.5le^   Elevslion 


list  ion  Ksr.s 


over  83B 

yesrly  speed 

(fiPH) 


5ver555  ysorl'd  uind 

Fouer    densils 
(UsiU/Sc.   Meier  ) 


Intsrnslionsl  Airrorl  12»3 

Borer.sri  Airfort  7.3 

Bulls-Si  Ivsr  Bcu 

Coun  l.y  AiProrl  7.6 

Cul   BsnK    Airport  13.7 

Dillon;  Bssverhesd 

County  Air?crt  10.1 

Glssgou  Inlsrnsticnsl 

Airport  12.1 

Gresl  Fslls  Intsrnstionsl 

Airr-ort  12,8 

Hsvr  e  Ci  ty-Cou n  ty 

Airport  11.4 

Lsyisloun    Airport  11.0 

Livingston  Airport  H.j 

flilss  City  Airport  10.1 

Superior    Airport  4.9 

Whilehsll   CAA  13.4 


156 
63 

70 
284 

103 

174 

217 

161 
137 
403 
lOS 
13 
340 


*D5l3  fror,  Wind  Resource  Alias:   VoluiTie   1   -  Ncrthuest  Resion   by  Bsttelle 
Pacific   Northwest  Lsborstory?   PN'L-3195  UERA-1  UC-60»   April   1930?   p.   76. 


APPENDIX   II 

F'GWET    Chsroclerislic  C^rve  For   s  Holec  Uindr.slic  niOG&l    143  Uind  Gefneritor 
Uind  Si^sed  VersuB  Genersior   KUh  Output 
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APPENDIX  III 

UIHD  SITE  DEyEl-OFtiEN'T  GUIDE 
PreFsred  by  Gundsrson  Consul  tins  Service 
525  E.  Dsvisf  Bozensn-  HT  Tel!  406/536-3502 

I.  PreliPiinary  Fessibilily  Study — Cost;  $0 

1.  Oblsin  locsl  weather  dsiz — n;onthly  J.  yesrly  sversSe  wind  speeds. 

2.  Review  your  electric  bills?  fisure  your  risxiniur;?  Hiininuri  snd  svsrsse  rionthly 
electric  losds.  The  lonaer  the  period  you  review*  the  better. 

3.  Delersine  whst  ccnservstion  meBSures  could  reduce  your  electric  losd. 

4.  Resd  sll  the  wind  senerstion  litersture  you  can  find. 

5.  LocK  your  property  over  snd  PicK  the  iTiOst  liKely  potential  wind  sites. 
As  3  rule  of  thurib?  3  site  that  has  a  wind  power  density  of  over  2C0 
watts  per  scjuare  ;T.eter  snd  has  s  MINIMUH  averase  wind  speed  of  12  t^.PH 
durins  st  least  six  months  a  year  can  be  considered  for  developrient. 

6„   Start  to  thinK  about  how  iTiUch  of  your  electric  losd  you  can  eliniinste 

by  conservation  and  how  7>,\ich   you  want  to  generate  with  wind  power. 

Decide  how  Ruch  of  your  tiirse  you  can  devote  to  developins  &  usins  the 

wind  resource  on  your  property.  Try  to  iiTiSSine  how  a  wind  installation 

sisht  affect  your  and  your  neighbors'  property. 
7,  Set  3  ceilina  in  dollars  on  the  sn;cunt  you  are  willins  to  invest  in 

wind  senerstion. 
B  ;   Contact  your  utility  coiTiPsny  and  obtsin  their  policies  and  procedures  for- 

ccnnectins  a  wind  iSenerator  to  their  trsnsniission  systen.  Find  cut  how 

such  thsy  will  pay  you  for  electricity  you  ssnerats, 
9  <.   Cultivsle  the  habit  of  Keeping  detailed  records  and  files. 

II.  Final  Feasibility  Study— Costt  $0  -  ^3.000 

1 ',  As  s  rule  of  thur^b?  s  wind  sits  is  a  sood  prospect  for  devslopnient  if 
it  has  a  wind  power  density  of  over  200  watts  per  SQuare  neter  and  has 
an  average  wind  speed  of  no  less  than  12  MPH  for  at  least  six  nonths  per 
yesr.  To  decide  whether  or  not  ycur  wind  resource  warrants  investri5nt»  ycu 
63'y  need  a  wind  resource  study  to  measure  the  wind  speed  and  direction 
st  your  site.  This  will  depend  on  two  factors t 

5)  the  availability  snd  ouality  of  existins  wind  speed  and  direction  data 

fror.  3  nearby  source?  such  as  a  National  Weather  Service  Station?  and 
b)  the  total  3n;ount  of  your  proposed  investment. 

i)    $0  -  $5j000  &  no  financing.  Sons  ssnerstor  dealers  will 

perform  a  3-r.onth  wind  speed  study  at  a  client's  site?  others 
rely  on  existing  data  fror:  a  nearby  site  such  ss  a  National 
Uesther  Service  station.  Costt  $0 
ii  )   $5?000  -  $10?000  with  partial  financins.  The  lending  institu- 
tion ii,sy  want  to  see  the  results  of  a  6-nionth  wind  study  before 
SPprovins'  a  loan.  You?  too?  should  want  a  study  of  your  wind 
resource  before  borrowing  iiioney.  Son.e  senerstor  dealers 
perforn*  such  studies  for  their  clients?  private  consultants 
do  wind  resource  studies  without  consideration  of  3  particu- 
Isr  wind  senerstor.  Cost  $0  -  $2?500. 
iii)  More  than  $1C?000  with  n.sJor  financing.  An  investnient  of  this 
size  requires  an  independent?  lons-terpi  wind  resource  study. 
Costt  around  $  3?000  depending  on  tern  snd  number  of  sites. 
2.  Contact  one  or  more  wind  generator  dealers?  the  State  energy  office  and  a 
private  ccnsultsnt?  tell  then  your  investment  ceiling  and  ssK  for  their 
estin.ate  of  the  cost  of  various  sized  wind  generators  and  the  Quantity 
of  electricity  those  generators  could  be  expected  to  produce  under  the 
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wind  snd  le-n-arslure  resir-e  si  your  sits.  Get  ell  the  wind  seneratcr 
hrorhuresj  dsts  sheets  snd  specifications  yuu  F-ossibly  ceri. 

3,  LcoK  over  the  infcr-^stior;  ycu  have  collected^  and?  if  you  still  usnt 
to  dcvel.Gr  your  wind  resource^  select  the  systen  which  fells  below 
your  ir.veslrent  ceilins?  leeves  rcon  for  sll  the  other  costs  end 
seeiTS  rost  liKely  to  produce  the  sr.our.t  of  electricity  you  thinK  you 
should  set  under  the  conditions  st  your  site. 

4,  Contact  s  desier  of  the  r;£chine  you  hsve  selected.   If  the  dealer 
Knows  you  sre  5  serious  custoPiery  they  should  be  willins  to 
furnish  you  the  following  inforiTistion  t 

b)  An  estir.ete  of  the  r.onthly  niininur.-;  if,s>;inur.  and  everase  electric 
output  you  could  e;;pect  fron  the  senerstor  under  conditions 
described  by  the  dais  frcn  your  site. 

b)  An  estir.ale  of  all  installation r  connection  and  Piaintensnce 
costs,'  and  an  eccncir.ic  analysis  showinS  the  assuRptions  nsde  and 

the  estinated  PsybacK  period  for  this  senerator  under  your  conditions. 

c)  Ccr:pl9te  warranty  inforiiiation . 

d)CGr:plpte  infornistion  for  utiltiy/hone  electric  interface  connection. 

e)   Keintenance  schedules  and  their  costs. 

f  )  A  53n.ple  of  the  dealer's  contract  forn  or  forniS  to  cover  instellationf 

electrical  interface  snd  systen  startup. 
s)   A  list  of  custorers  who  have  used  the  senerator  ncdel  you  are 

IcoKinS  at  for  st  least  1  year  in  a  clinate  siFiiliar  to  your  sits, 
h)  A  description  of  the  dealer's  experience  with  the  particular 

senerator.  A  short  history  of  the  njanufacturer  is  also  nice  to  hsve. 

Ko  dealer  will  be  willing  to  furnish  all  this  information  until  they 
Know  you  are  seriously  interested  in  a  aeneratcr.  But  the  dealer's  first 
rss?^cnse  to  you  is  s  sood  indication  of  their  reliability  and  of  the 
the  Guality  cf  their  product.  The  ii.ore  contact  you  hsve  with  the  dealer » 
the  i;.GrG  of  this  infcrniotion  you  will  receive.   If  inforriation  seens  too 
herd  to  set?  you  should  consider  findinS  another  dealer.  You  should 
expect  to  ha'.'e  all  your  cuesticns  answered  to  your  satisfaction. 

III.  Installation?  Cperstion  J,  Maintenance, 
flt  this  pcintF  asK  yourself  if  you  still  want  to  invest  in  your  wind  site. 
If  ycu  do  not  feel  satisfied  about  your  wind  prospect  at  this  pointr 
you  would  be  better  off  to  write  off  ail  your  worK  to  date  (and  noney  as 
well-  if  you've  had  a  wind  resource  study)  than  to  spend  flO  -  100  thousand 
ftDre  for  a  wind  machine  that  does  not  senerate  the  electricity  your  invest- 
tent  depends  en.  Renerber  that  you  can  write  off  a  business  loss  Just  as 
easily  as  you  can  laKe  a  tax  credit  for  a  renewable  enersy  investir.ent . 
And  finally?  rer.ind  yourself  that  no  generator  can  improve  the  wind  at  your 
si  te. 

If  you  decide  tc  proceed  with  your  investPient  plansr  the  first  step  is  to 
follow  throush  on  the  conservation  n.eesures  you  identified  at  the  besinnins 
of  your  feasibility  study. 

Then;  here>  in  General?  are  the  steps  to  settinS  those  first  Kilowatts  flouinst 
1)  If  you  plan  to  intertie  with  the  utility  syster,?  nesotiate  s  buy-becK 


ver 
installation  perp.its  or  licenses  they  reauire. 
3)  Get  your  insurance  as'ent's  advice  on  what  Kinds  of  insurance  your 

inc.  fall^tinn     tjil]     noon     :^^ir!     nr^  r^ar-     i  ^   . 


installation  will  need  and  order  it. 
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4)  Gel   losElher   with  yciir   desler   cad  prerire   a  finsl   econoriic   snslysis.   Con- 
siderina  ALL  costs?   celculsie   Ihe  FsybscK   period.    If   the   lolsl   cost  end 
snd   the   psb'bscK   r-sriod  still   suit  ycu  r    then   'icu   Knou  your    investr-.ent   is  ss 
solid  3?,  you   csn   RsKe   it. 

5)  Consider   hsvins   les'sl   review   of   the  contrsct  your   dealer   offer=>    then 
nesotists   it  with  ycur   dealer.   This  is   also  a  s;oDd   tirie   to   negotiate 
3  r;3int9nonce  contract. 

6  )  After  your   senerator   is   installed   snd  operatinsf   have  your   dealer   or   an 
Independent   consultant  monitor   the   wind  speed  at  your   generator   site  for 
3-6   Ricnihs  50  you   can  conpare   the   wind  power   potential   during   the  period 
uilh  the  output  fror;  ycur   senerator   durins   the   saae   period   to  determine 
whether   your   generator   is  perforniins  according   to  your   expectations 
snd   the   Rsnufacturer's   specifications. 

7)  MaKe  sure   that   the  iiiaintensnce  schedule   is  followed  and  repairs 
are   isade  whenever   they  are  needed, 
1/8/34 
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naces  of  people  on  the  staff  of  the  Renewable  Energy  Bureau  at  DWRC  who  gave 
help  and  encouragement  to  this  project — Jim  Iverson»  MiKe  Chapman »  Georgia 
Brensdalf  Jeannie  Thurston?  Dave  Dysinger»  Greg  Mills  and  John  Crndorff. 

Ue  also  wish  to  acKncwledse  the  contribution  of  the  site  owners?  who 
diligently  charged  and  changed  the  systems'  batteries?  gathered  the  data  and 
forwarded  it  to  DNRC  for  storage.  They  aret  Jim  Salmond?  "Marcel  Solum?  ChucK  and 
Ksren  Davis?  Dave  Hastings?  Jerry  McGillivray?  Helen  and  Gordon  Ualler?  Dan 
HecKford?  Randy  Hoy?  Pat  and  Ken  Torgerscn?  Uitt  Hibbsrd  and  the  Sieben 
Livestock  Company?  Dsvid  EricKson  and  Ken  Morrow. 

The  people  at  Gunderson  Consulting  who  contributed  to  this-proJect  aret 
Marylore  Lahey?  Seana  Lahey?  Al  Gunderson?  Ken  Uslters?  Abby  and  Egypt  Katz  and 
Dana  Gunderson. 

Both  Charless  FcwlKes  and  John  Cbermeier  contributed  expert  advice  which 
greatly  added  to  the  Quality  and  accuracy  of  the  material  in  this  report. 
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Description  of  EnuiFReni 

The  wind  dsts  in  this  report  uss  ^sthereo  3nd  recorded  by  DNRC's  wind 
monitoring  systen  #SSR-1  at  the  Rsndy  Hoy  plsce  nesr  Helens*  Montana  frcB  Ausust 
ZOf    1930  to  October  18»  1981. 

Nstursl  Power  Inc.?  New  Boston >  New  HasiPshirej  Rsnufsctured  the  recorder 
used  in  the  systec  which  gsthered  this  dsts.  The  system  included  a  single- 
channel  strip  chart  recorder  housed  in  a  plastic  case?  a  4-Pcle  cup  anenor-eterr 
3  12-volt  wet  cell  autociobile  battery*  and  ail  the  cable  needed  to  connect  the 
sensor  to  the  recorder  f  the  recorder  to  the  battery  and  the  entire  systeiTi  to  a 
grounding  staKe*  Cor.pletinS  the  systeci  were  an  instrument  shelter  and  s  IO- 
meter tower  with  nountinS  bracKetf  guy  wires  and  staKes, 

The  operating  specifications  for  the  aneKoiJieter  sret 
Uind  velocity  range:  3-  150  HPH 
TetPerature  range  -60  to  200  degrees  F. 

The  operating  specifications  for  the  strip  chart  recorder  are! 
TetiPersture  rangeT  32  to  160  degrees  F. 
Recorder  r.eterJ  +  or  -  IX 
Recorder  chart  speedt  +  or  -  571 
Response  timet  5  seconds  to  full  scale 

The  the  strip  chart  recorder  records  a  wind  speed  reading  every  two  seconds 
by  making  a  marK  on  the  strip  chart.  To  &aKe  the  r.arK?  an  isipact  bar  strikes 
the  top  side  of  the  Pieter  needle >  which  then  touches  prBssure-s£nsJtivs  paper 
<3  "strip  chsrt' )  n.Dving  slowly  beneath  the  needle.  These  dots  sccumuiate  on 
the  moving  paper  forming  a  graph  of  the  wind  sPeed, 

The  tower  was  a  lO-meter  Radio  ShscK  telescoping  TV  antenna  nast  made  of 
galvanized  steel  and  guyed  by  eight  cables  in  a  25'  radius.   It  is  rated  to 
withstand  winds  up  to  150  HPH. 

The  instrument  shelter f  made  of  wood  and  insulated  with  styrofoar,;  was 
located  at  the  base  of  the  tower  to  house  the  recorder  and  battery  in  side-by- 
side  compartments.  The  system  was  grounded  by  a  wire  frcr,  the  recorder  to  a 
four  foot  galvanized  stsKe  driven  into  the  ground  ne>;t  to  the  shelter. 
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Monitoring  Method 

On  August  30f  1980»  under  contract  with  DNRCr  Gunderson  Consulting 
installed  DNRC's  wind  BonitorinS  systec  ♦SSR-l  at  the  Rands  Hoy  residence 
northwest  of  Helena  at  4258  FranKlin  Mine  Road.  Between  the  date  of  installation 
and  October  18>  1981f  Randy  charged  the  batteries  and  changed  the  rolls  of  strip 
chart  P3p9r   as  they  were  filled. 

In  June  1982f  DNRC  contracted  with  Gunderson  Consulting  to  analyze  and 
suBiuarize  the  data  on  the  strip  charts  and  prepare  this  report. 

The  iRonitorinS  site  is  located  about  two  and  one-half  miles  west  of  the 
Scratch  Gravel  Landfill  on  the  FranKlin  Mine  Road  at  the  western  edge  of  the 
city  of  Helena. 
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Description  the  D5I3  Analysis  Procedure 

Analysis  of  the  strip  chsrt  oats  was  done  on  3  coir.E-uter  systeri  coij.posed  of 
the  following  iteost  3  Southwest  Technical  Products  Ccrporstion  n.odei  CT-S2 
inteliisent  terndnalr  codel  69A  central  processing  unit?  two  iTicdel  MF-a9  dual- 
sided  single  density  disK  drives>  an  InteSral  Data  Systei:,»  Inc.  model  4-40  dot- 
uatrix  impact  printer  and  a  Houston  Instruaent  HI  PAD  digitizing  pad  with  a  one- 
button  cursor. 

The  strip  charts  were  digitized  and  stored  on  5.25  inch  floppy  disKs,  In 
this  process^  an  operator  uses  the  cursor  and  digitizer  ps6   to  trace  six-inch 
segments  (referred  to  as  "plots")  of  the  wind-speed-versus-tiiTie  curve  on  the 
strip  chart  (105  segments  per  strip  chart).  This  sends  3  streajs  of  XY 
coordinates  to  the  coisputer?  which  receives  and  stores  then;  with  an  accuracy  of 
+  or  -  .015  of  an  inch.  For  this  study*  the  coordinates  were  stored  on  disK  with 
three  decitsal  places. 

After  the  strip  charts  were  digitized  the  data  was  averaged  into  hourly 
wind  speeds  as  followsJ  the  digitized  wind  sPeed  coordinates  were  corrected  for 
the  nonlinear  response  of  the  strip  chart  recorder?  the  strip  chart  tiriie 
coordinates  were  corrected  for  variations  in  the  operating  speed  of  the  recorder 
over  the  period  of  tice  it  tooK  to  fill  the  strip  chart?  the  resulting  corrected 
hourly  speeds  were  averaged. 

At  the  next  level  of  analysis?  the  hourly  wind  speed  data  was-sUmCiSrized 
into  daily?  weeKly  and  monthly  suRniaries,  To  do  this?  the  computer  read  the 
hcuiy  wind  sPeed  eleisents  one  day  at  a  time  and  averaged  theci  into  aaily?  weeKly 
and  monthly  average  wind  speed  profiles.  It  carried  individual  running  totals 
for  each  suismary  period  to  minimize  averaging  error. 

Also?  a  wind  speed  percentage  spectrum  was  calculated?  as  follows!  the 
coBPuter  counted  hourly  wind  speeds?  then  sorted  them  into  speed  bracKets? 
sioultansously  Keeping  a  count  of  elements  sorted  into  each  bracKet  for  each 
tine  summary  period.  At  the  end  of  the  time  summary  period?  the  number  of  speed 
elements  sorted  into  each  speed  bracKet  was  divided  by  the  total  count  of 
eleitients  for  the  summary  period?  which  produced  the  percent  of  time  the  wind 
blew  in  each  speed  bracKet  during  the  period.  The  wind  speed  percentage 
brscKets  were  sized  to  fit  the  performance  of  most  wind  generators?  i.e.? 
startup  wind  speeds  between  10  and  14  HPH?  highly  variable  production  up  to  30 
MPH  and  generally  flat  performance  at  sPeeds  greater  than  30  MPH, 

Next?  the  computer  calculated  weeKly  and  monthly  wind  power  density  values 
by  averaging  hourly  wind  speed  cubed  values  for  each  summary  period  with  the 
sane  Kind  of  routine  it  used  to  calculate  the  average  wind  speeds.  The  process 
of  calculating  wind  power  density  for  each  summary  period  will  be  described 
later  in  this  report. 

Mo  wind  direction  data  was  gathered  because  the  single-channel  recorder 
can  only  record  data  from  only  one  sensor  at  a  time. 

To  correlate  data  from  a  monitoring  site  with  data  from  the  nearest 
National  Heather  Service  Station?  it  must  first  be  determined  if  sny  difference 
exists  between  the  height  of  the  anemometer  at  the  site  and  the  height  of  the 
one  3t  the  weather  service  station  »  In  this  instance?  the  anemometer  at  the 
nearest  station  (Helena?  MT )  is  at  6.10  meters  while  the  anemometer  st  the 
site  was  10  meters.  This  difference  was  adjusted  by  the  standard  method  used  in 
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the   industry?   cslled   the  "1/7  power    Isw'"  J 


V  H 


where  V  =  wind  speed  3t  height  H 

V  =  wind  speed  st  3  reference  height  h?  snd 
N  =  1/2  for  0  to  5  HPH  winds 

=  1/5  for  5  to  35  MPH  winds 

=  1/7  for  winds  Greater  than  35  HPH. 

In  addition  to  the  vsristion  in  tower  height?  there  exists  3  tise  iss  in 
wesiher  between  the  site  and  the  weather  service  station.  To  sccoscdate  this 
effect?  the  correlations  for  B3ch  three-hour  period  were  averaged  together  to 
obtain  s  daily  correlation  factor.  Frofi  these  aversse  daily  correlation  factors? 
weeKly?  nionthly  and  period  correlation  averages  were  calculated.  LiKewise? 
the  correlation  factor  percentage  spectrus  and  the  Rean?  iR3>;in,Um  and  minin-u!:. 
correlation  factors  were  selected  froBi  the  daily  average  correlation  factors. 
This  technieue  sveraSes  out  the  lead/laS  weather  variations  between  two 
Seo^rsphically  separated  locations. 

To  calculate  3  wind  speed  correlation  factor?  three  hours  of  site  data  were 
aversSed  together  to  correspond  to  the  three-hourly  averase  readings  fr-oB  the 
weather  service  station.  The  weather  service  reading  was  extrapolated  up  to  a 
sensor  height  of  10  Reters.  Finally  the  site  three-hourly  average  speed  .was. 
divided  by  the  adjusted  westher  service  station  resding  to  obtain  a  three-hourly 
average  correlation  value.  Eight  three-hourly  average  correlation  factors  .were 
3ver3ged  to  produce  a  dsily  averase  correlation.  Daily  average  correlation 
factors  were  then  averaged  by  the  weeK?  cicnth  snd  period  to  produce  sverage 
correlation  factors.  The  Clean?  Cia>;itr,urr.  and  ciniPiua  correlation  factors  were 
selected  frois  the  daily  average  correlation  factors. 

The  final  level  of  data  analysis  was  projection  of  maxitu:.?  ciinir.u!;;  and 
aversge  acounts  of  wind  which  can  reasonably  be  expected  at  the  monitoring  site 
over  s  ten  year  period.   In  this  process?  both  wind  spsed  and  wind  power  density 
were  projected?  by  applying  the  conitoring  period  correlation  factor  to  the  wind 
speed  data  froR  the  previous  ten  years  at  the  National  Ueather  Service  Station 
in  Helena.  To  project  wind  speed?  three-hourly  average  speed  data  froc  the 
weather  station  was  extrapolated  to  an  elevation  of  10  ceters?  cuitiplied  by  the 
Bonitoring  period  correlation  factor?  then  averaged.  For  wind  power  density? 
each  three-hourly  average  speed  was  first  cubed?  then  added  into  the  running 
total  used  to  calculate  the  average  wind  power  density.  Separate  running  totals 
of  the  three-hourly  averages  were  isaintained  for  both  the  ccnthiy  and  yearly 
averages. 

The  eost  useful  statistic  to  compare  the  potential  of  several  sites  is  the 
wind  power  density.  But  even  though  wind  power  density  is  by  far  the  n.ost 
useful  statistical  tool  for  wind  generator  site  selection?  it  is  usually  the 
least  used  by  wind  developers.  Uind  power  density  is  defined  asJ 

3 

p=  (i/2)FKy 

where  P  =  wind  power  density 
p  =  air  density 
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V  =  wind  5Feed 

K  =  3  proporiionslily  conslsni  used  to  resolve  differences  in  units  of  the 
vsrious  eoustion  tern.s 
Note  thst  sir  density  ?  is  defined  ast  f  -   A/( RT ) 
where  A  =  atisospheric  pressure 

R  =  ideal  ^ss  constant;  for  sir  is  2S3»7  Joule/KS  decree  Kelvin 

T  =  shsolute  sir  teriperature. 

The  final  worKin^  version  of  this  eouation  ist 

A  V  C. 01547) 


p= 

(5/9)(T-32)  +  273.15 

where  A  =  svers^e  air  pressure  in  nillihsrs 

V  =  the  average  of  the  three-hourly  MPH  wind  speed  readings  cubed 
T  =  avers^e  ternPerature  in  degrees  F. 

The  reason  wind  power  density  is  a  better  basis  than  avsrase  wind 
speed  for  selecting  a  site  for  a  wind  generator  becomes  clear  through 
understanding  the  eouation  for  wind  power  density  given  above»  It  shows  thst 
the  power  in  the  wind  and»  thereforef  the  power  thst  can  be  absorbed  fron.  the 
wind  by  a  wind  generator >  is  proportional  to  the  cube  of  the  wind  speed.  If  an 
average  wind  speed  is  used  to  calculate  the  wind  power  density?  the  average 
speed  sixes  all  the  instantaneous  wind  speeds  above  the  average  speed  with  all 
the  instantaneous  speeds  below  it  on  a  linear  scale.  Uhen  the  sverase  speed  is 
cubed  it  will  yield  a  Kuch  lower  value  than  if  each  instantaneous  wind  speed 
were  cubed  and  then  all  the  cubed  speeds  averaged.  The  following  exsir.Pie 
illustrates  this  fact:  averaging  the  following  nur.bers  <  0t9?15j31  72S?  14j6>4i0  )_ 
and  cubing  the  result  yields  a  value  of  1630.  Cubing  each  nunber  snd  avsragir.g 
the  cubed  values  yields  a  value  of  6541.  Note  the  an,cunt  of  error.  The  longer 
the  averages  used  in  projecting  wind  power  density  the  greater  the  error  in  the 
wind  power  density  beccnies. 

The  above  eouation  for  wind  power  density  also  accounts  for  the 
difference  in  air  density  between  the  suir-Hier  and  winter  months  by  its  use 
of  nionthly  average  air  teriperature  snd  pressure  to  calculste  ir.onthly  wind 
power  density.   In  addition »  it  sccounts  for  the  air  density  at  the  site  as 
reisted  to  elevation  above  sea  level*  sssuniing  the  site  elevation  does  not 
significantly  differ  froiri  that  st  the  National  Uesther  Service  Station, 

The  conthly  and  yearly  iri3>;iEur»?  Einii:,uK  and  average  wind  year's  speed  and 
percentage  speed  profiles  were  cslculated  in  the  sai;.e  n.anner  as  the  percentage 
speed  profiles  previously  discussed.  The  only  difference  being  that  the  data 
being  sunnarized  was  a  year  of  National  Uesther  Service  Station  3-hourly 
averages  and  that  the  su^iUisry  periods  are  by  the  u.onth  and  year. 

The  Ronthly  and  yearly  average  wind  speed  percentage  profile  is  the  cost 
useful  itet  in  the  report  for  estin-ating  the  actual  ouput  of  a  wind  generator 
at  the  nionitoring  site.  See  the  Data  Use  section  for  a  description  of  this 
method. 
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How  io  Use  This  Dsls 

First*  refer  io  Appendix  I  to  get  3n  ides  of  how  the  sversSe  wind  power 
density  si  your  site  confr-sres  with  the  density  at  other  locations  in  Honians. 
A  conpsrison  of  wind  power  densities  Sives  the  best  perspective  on  the  relative 
potential  of  several  sites. 

If  you  were  encouraged  by  the  corripariscn »  you  should  follow  the  procedure 
below  to  calculate  a  hypothetical  yearly  power  output  of  a  particular  wind 
Generator  if  it  were  installed  at  your  site.  This  procedure  uses  s  wind 
generator's  Power  Characteristic  Curve  and  a  yearly  average  wind  sPeed 
percentage  profile.  In  our  e>;ai;,ple»  we  use  a  hypothetical  yearly  average  wind 
speed  profile  and  the  curve  for  a  UindBiatic  14S  generator »  given  in  Appendix 
II.   In  your  calculstionsf  you  would  use  the  actual  yearly  average  wind  speeds 
given  in  this  report  at  the  botton.  of  the  chart  titled?  "flonthly  &  Yearly  Avg 
Wind  Spd  (MPH)  and  Percentage  Profile— Mean  Uind  Yeer">  and  either  the 
Windnsatic's  curve  froB  Appendix  II  or  one  you  get  for  s  different  generator". 

PERCB^T  OF  Uim   IN  VELOCITY  BRACKETS  (hypothetical) 
<10  <11  <12  <13  <14  <16  <13  <20  <22  <24  <26  <2S  <30  <32  ^4  <38  <40  >40 - 

41   5   9   4   5  12  10   5   3   2   1   1   1   10   0   0   0 

The  first  step  is  to  convert  these  percentage  figures  into  the  nusber  of 
hours  per   year  the  wind  blew  in  each  brecKet,  Multiply  the  value  in  the  first 
percentage  bracKet  (417:»  =  .41)  by  the  nui;.her  of  hours  in  s  year  (365  X  24  = 
8»760  hours).  The  wind  blew  ,41  X  8»760  =  3»5?1.6  hours  during  the  year  at 
speeds  of  10  MPH  or  less.  In  the  second  brscKet  (10  to  10.99  f1PH)>  the  wind  blew 
.05  X  8^760  =  438  hours.  Apply  this  process  to  each  brscKet  of  the  spectrur,^  and 
the  result  will  looK  liKet 

PERCENT  OF  WIND  IN'  VELOCITY  BRACfCETS 
<10  <11    <12    <13  <14     <16  <13  <20    <22   <24    <26  ...  <34  ... 

3»591.6  438  788.4  350.4  430  1051,2  876  438  262.8  175.2  37.6  ...   0  ... 

NUMBER  OF  HOURS  THE  WIN'D  BLEU  IN  EACH  PERCENTAGE  BRACKET 
You  will  use  the  numbers  of  hours  in  Step  3. 

The  second  step  is  to  fit  the  Power  Characteristic  Curve  beneath  the  iT.id- 
points  given  below.  If  you  are  using  the  Uindn,stic'5  curve»  you  can  use  the  table 
below  Just  3S  it  is. 

MIDPOINT  OF  VELOCITY  BRACKETS  (MPH) 
5  11  12  13  14  15  17  19   21  23  25  27  29  31  33  35  37  39  41 

0   0   0   2   4   7  11  17   21  27  33  39  45  50  55  59  60  62  60 
GENERATOR  OUTPUT  ( KUH )  FROM  POUER  CHARACTERISTIC  CURVE 

The  third  step  is  to  pultiply  the  nu:;,ber  of  hours  in  each  bracKet  (  S,tep  1) 
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by  the  corresponding  generator  output  in  esch  brecKet  (Step  2).  These  products 
are  shown  belou  the  linel 

MIDPOINT  OF  VELOCITY  BRACKETS  ( hPH ) 
5  11  12   13    U    15    17    19    21    23    25    27    29    31  33  ... 

0   0   0  701  1752  7358  9636  74-^6  5519  4-730  2891  3416  3942  4330  0  ... 

PERIOD  GENERATOR  OUTPUT  ( KUH )  PER  BRACKET 
snd  then  add  the  outputs  from  all  the  bracKets.   This  ^ives  the  hypotheticel 
yesrly  Senerstor  outputs  which  in  this  exa&ple  is  51»77l  KUh. 

How  you  sre  ready  to  estiriste  the  yearly  dollar  value  of  the  electricity 
that  a  particular  generator  would  theoretically  produce  if  it  were  installed  at 
your  site.  Multiply  the  total  generator  output  (51»771  KUh)  by  your  local 
utility's  current  electric  rate  (hcnK  if  you  love  puns).  In  this  e>;ar,ple  we 
use  $.0625/KUh  but  you  will  have  to  set  the  actual  residential  rate  fror,  your 
loc3l  utility.  $.0625  x  51>771  =  $3»235.69  annual  value?  sor;ietii;.es  referred  to 
35  "displaced  cost"f  of  the  electricity  generated  in  this  hypothetical  case. 

^  ♦  T  *   * 

The  value  of  the  displaced  electricity  and  the  cost  of  the  Generator  are 
two  of  the  factors  you  have  to  consider  if  you  want  to  EiaKe  a  realistic 
evaluation  of  the  econondcs  of  wind  electric  sensration.  There  are  Rsny  others  J 
cost  of  site  preparation  (land  rental?  road  iaprovei;.ent>  power  line  installation 
and  connection  )j  leSal  fees?  charges  for  pourins  the  foundation  and  erecting  the 
tower?  inspection  fees?  systeB.  checKcut?  insurance?  shipping?  maintenance  and 
always  at  least  one  more  iteni  that  no  one  thought  of.  Below?  froir,  the  Solar 
Energy  Research  Institute  in  Golden?  Colorado?  is  a  breaKdown  of  the  cost  to  be 
expected  in  a  large  scale  wind  deveicpHientt 

Generator  and  Blade  Assecibly  -  57% 

Tower  and  Site  Access  -  IIX 

Foundation/Site  Preparation  -   9% 

Operations/Maintenance  -  9% 

Asseably/Checkout  -  8X 

Other  -  4% 

Eouiptient  Transportation  -  TL 

Source!  publication  SERI/SP-732-723?  the  Solar  Energy  Research  Institute? 
October  1980, 


PAGE 


HOU  TO  UNDERSTAND  THIS  DATA 


The  first  dsls  sheet  is  the  "Wind  Speed  SuiriBsry  (in  HPH )  $.  Percents^e  Speed 
Profile".     This  suREBry  sheet  ^ives  the  wind  speed  recorded  by  the  Bcnitorina 
systeift  while  it  was  3t  the  site.     The  'UKLY  AVG  SPD"   column  gives  the 
average  wind  speed  for  esch  weeK  and  isonthj   and  the  wind  speed  percentage 
SPectruR   gives  the  percent  of  ticte  during  that  weeK   the  wind  was  blowing   in 
3  particular  wind  speed  bracket.  For  exarsple?  consider  the  following  spectrust 

-PERCENT  OF  WEEKLY  UIN'D  IN  VELOCITY  BRACKETS 
<10  <11  <12  <13  <U  <16  <18  <20  <22  <24  <26  <23  <30  <32  <34  <36  <33  >38 

82       63401140000000000 

In  this  week's  example^  82%  of  the  tiii.e  the  wind  blew  between  0  and  10  KPH» 
6X   of  the  tiree  it  blew  between  10  and  11  MPHi  3%  of  the  tinse  between  11  and  12 


The  "Mean»  HiniisuB  and  MaxiBiua  Correlation  Factors  and  Freeuency  Percentage 
Spectrum"  suamary  is  the  statistics!  core  of  the  report.  It  gives  the 
correlation  factors  which  cor-pare  the  wind  speeds  at  the  ir.onitoring  sits  to 
those  at  the  nearest  NCC  weather  station.  The  right  half  of  the  table  is  a 
'Freauency  Percentage  SpectruB  of  Correlation  Factors"*  which  shows  the  percent 
of  correlation  factors  that  fall  into  each  bracket  of  the  spectrus..  The  Smoother 
the  distribution?  the  sore  valid  the  correlation  factors* 

These  correlation  factors  express  the  wind  sPeed  at  the  site  as  a  percent 
of  the  wind  speed  recorded  at  the  sar.e  tis-e  at  the  NCC  weather  station.  For 
example;  if  the  site  wind  speed  is  5  nph  and  the  NCC  weather  station  wind  speed 
is  10  BPhi  the  correlation  factor  for  that  instant  is  5/10  =  ,50j  i.e.? 
the  site  wind  speed  is  SOX  of  the  wind  at  the  NCC  station.  If  the  wind  speeds 
are  reversedi  the  correlation  factor  is  10/5  =  2.  If  the  wind  speeds  at  the 
site  and  the  NCC  station  are  ecsualf  the  correlation  factor  is  1.00. 

Ne>tt»  there  are  three  sheets  titled?  "Monthly  and  Yearly  Average  Uind  Power 
Density  In  Watts/So.  Meter",  The  first  one  gives  the  average  ("Mean  Uind  Year")? 
the  next  gives  the  lowest  (*Minir«ur»  Uind  Year")  and  the  third  gives  the  highest 
(■Maxicum  Uind  Year")  wind  power  density  liKely  to  occur  at  the  site  over  a  ten- 
year  period.  If  a  site  owner  is  considering  installing  a  wind  generator?  these 
sheets  give  an  idea  of  hew  the  generator  output  can  be  expected  to  vary  as  the 
wind  power  density  varies  froiTi  year  to  year. 

Finally?  there  are  three  su!;.63ries  titled?  "Monthly  and  Yearly  Average  Wind 
Speed  (MPH)  and  Percentage  Speed  Profile,"  LiKe  the  three  praceedins  sur;,i;,aries? 
these  also  deal  with  the  riean?  Binin.Um  and  uaximUw  wind  years.  But  these 
estimate  uind  speed  averages  liKely  to  occur  at  the  site  and  arrange  ther.  by 
percentage  into  velocity  brackets.  To  interpret  the  velocity  bracKsts?  see  the 
description  above  of  the  "Uind  Speed  Sun.i;i3ry  and  Percentage  Speed  Profile", 

The  Data  Use  section  of  this  report  contains  directions  for  using  these 
suomaries  to  estimate  the  conthly  and  yearly  output  of  a  wind  generator 
QperBtina  at  a  height  of  10  tieters  (33  feet)  under  the  ssn,e  conditions  as  those 
found  at  the  site.  Since  post  generator  towers  are  taller  than  10  r.eters  and 
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since  uind  speed  sndj  therefore?  wind  power  increase  as  the  heishl  sbove  the 
surface  incressesf  it  follows  that  sn  estimate  based  on  this  date  and  using  this 
aethod  will  be  a  conservative  one. 


WIND  SPEED  SUMMARY  (IN  MPH )  &  PERCENTAGE  SPEED  PROFILE 


location:  HELENA 
STARTING  time:   1700  HOURS 
STARTING  date:   11/  3/SO 


touer  height:  lo  meters 


UEEK    UKLY  AVG  SPD  percent  of  UEEKLY  wind  IN  VELOCITY  BRACKETs" 

ENDING    MPH  /  DAY     <10  <11  <12  <13  <14  <16  <13  <20  <22  <24  <26  <28  <30  <32  <34  <36  <33  >33 
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note:  *  INDICATES  THAT  A  UEEKLY  AVERAGE  IS  FOR  FEUER  THAN  7  DAYS. 
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UIND  SPEED  SUMMARY  (IN  MPH)  AND  PERCENTAGE  SPECTRUM 


location:  HELENA 
STARTING  time:   1700  HOURS 
STARTING  date:   11/  3/80 


touer  height:  lo  meters 


PERCENTAGE  UIND  SPEED  PROFILE 
DATE         AUG  UIND  SPD     <10  <11  <12  <13  <14  <16  <18  <20  <22  <24  <26  <28  <30  <32  <34  <36  <38  >33 
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8 

0 

UKLY  AVG=>   10.1 


9 

*19.4  7  HRS 

0 

10 

NO  DATA 

11 

NO  DATA 

12 

NO  DATA 

13 

NO  DATA 

14 

NO  DATA 

15 

*  4.4  10  HRS 
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0     14 


0     29 


0       0 


UKLY  AVG=>   11.9 
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0 
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7.3 
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UKLY  AVG=>     8,8 
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30 
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11,8 
9.0 


46     13       0     17       4 
69       3       2       3       2 


8       0 


0 
1 


44400000 
11110       10       0 


note:     *   INDICATES  THAT  A  DAILY  AVERAGE   IS  FOR  FEUER 

THAN  24   HOURS.      THE  TOTAL  NUMBER  OF  HOURS   IS  GIVEN. 
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STARTIK'G  time:  0000  HOURS 

STARTING  date:   12/  1/80 

PERCENTAGE  UIND  SPEED  PROFILE 
DATE  ■  AVG  lilNB  SPD  <1C  <11  <12  <13  <U  <16  <13  <20  <22  <24  <26  <28  <30  <32  <34  <36  <38  >38 


n 


\               l'°  6^  17   4844000000000000 

J. 4  100  00000000000000000 

3  4.4  96  04000000000000000 

4  *  2.7     2  HRS  100  0       0       0       0       0       0       0       0       C       0       0       0       0       0       0       0       0* 

5  NO  DATA 

6  *10.4   10  HRS  40  10       0       0     20     30       0       0       0       0       0       0       0       0       0       0       0       0 

UKLY  AyG=>     7.0  73  7       2       646000011100000 

7  2.6.  100  00000000000000000 

8  7.9  67  00344     13       00000400000 
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14 

NO  DATA 

UKLY  AVG=>     5.9  84       3       2       2       1       3       2        1       0       1        1 


DEC  5.9  83       4       2       2       2       4        1        0       ( 

note:     *   INDICATES  THAT  A  DAILY  AVERAGE   IS  FOR  FEUER 

THAN  24  HOURS.     THE  TOTAL  NUMBER  OF  HOURS   IS  GIVEN. 
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STARTING  time:   2000  HOURS 

STARTING  date:   7/  3/31 
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AUG  UIND 
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*  6.2  4 

HRS 

75 

0 

25 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

9 
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UKLY  AVG=>  9.1         70 
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UKLY  AUG=>  8.3         64   6   6   4   5  10 
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JUL      8.3         71   6   6   5   3   4   3   1   < 

note:  »  INDICATES  THAT  A  DAILY  AVERAGE  IS  FOR  FEUER 

THAN  24  HOURS.  THE  TOTAL  NUMBER  OF  HOURS  IS  GIVEN. 
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STARTING  TI«Et  0000  HOURS 

STARTING  date:   8/  l/3i 

PERCENTAGE  tilND  SPEED  PROFILE 
DATE    AUG  UIND  SPD  <10  <11  <12  <13  <H  <16  <13  <20  <22  <24  <26  <28  <30  <32  <34  <36  <3S  >38 


1      5.9 

88 

8 

0 

0 

0 

0 

0 

0 

A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

UKLY  AyG=>  6.6 

86 

7 

1 

A 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

c 

0 

• 

2     *  5.3  3  HRS 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

3     NO  DATA 

4     NO  DATA 

5     NO  DATA 

6     NO  DATA 

7     NO  DATA.. 

8     NO  DATA 

UKLY  AVG=>  5.3        100 


AUG      5.6         89   7   0   0   0   0   0   0   ' 

note:  *  INDICATES  THAT  A  DAILY  AVERAGE  IS  FOR  FEUER 

THAN  2A   HOURS.  THE  TOTAL  NUMBER  OF  HOURS  IS  GI'v'EN. 


WEEKLY  AND  MONTHLY  AVERAGE  UIND  POUER  DENSITY 


location:  HELENA 
STARTING  TIHE:   1700  HOURS 
STARTING  date:   11/  3/80 


tcuer  height:  lo  heters 


WEEK  END 

iING 

AVG 

WIND  SPEED 

AVG  PRESSURE 

AVG  TEMPERATURE 

AVG  UIND  POUER  DENSITY 

(MPH) 

(MBS) 

(DEGREES  F) 

(UATTS/SQ.  METER) 

11/  8 

«10.1 

256 

11/  9 

*19.4 

687 

11/15 

4,4 

7 

11/22 

7.0 

48 

11/29 

8.8 

103 

NOV 


9.0 


834.4 


34.9 


133 


12/  4 

*  6.3 

12/  6 

10.4 

12/13 

*  5.9 

58 
88 
42 


DEC 

5.9 

884.4 

26.9 

37 

7/11 
7/18 
7/25 

8.4 
9.1 
8.8 

46 
55 
56 

JUL 

8.3 

882.7 

67.7 

46 

8/  1 
8/  2 

6.6 
*  5.3 

23 

7 

AUG 

5.6 

8S3.4 

69.5 

24 

note:  *  INDICATES  THAT  A  UEEKLY  AVERAGE  IS  FOR  FEUER  THAN  7  DAYS. 


MEANT  MINIMUM  AND  MAXIMUM  CORRELATION  FACTORS  AND  FREOUENCY.  PERCENTAGE  SPECTRUM 


location:  HELENA       NCC  UEATHER  STATION  LOCATION:  HELENA 
DNRC  TOWER  HEIGHT:  10.0  METERS 
NCC  TOWER  height:    6.1  METERS 
STARTING  time:   1700  HOURS 
STARTING  date:   11/  3/80 


WEEK    <-CORRELATION  FACTORS-> 
ENDING   MEAN   MINIMUM   MAXIMUM 


(1.0  =  PERFECT  SITE/UEATHER  STATION  CORRELATION) 

FREQUENCY  PERCENTAGE  SPECTRUM  OF  C.F.'S 

<.3  <.6  <.9  <1.2  <1.5  <1.8  <2,1  <2.4  <2.7  <3,0  >3.0 


11/  8 

*1.21 

0.78 

1.30 

0 

0 

17 

33 

33 

17 

0 

0 

0 

0 

0 

11/  9 

*2.04 

1.00 

2.04 

0 

0 

0 

0 

0 

0 

100 

0 

0 

0 

0 

11/15 

0.77 

0.77 

0.77 

0 

0 

100 

0 

0 

0 

0 

0 

0 

0 

0 

11/22 

0.87 

0.51 

1.32 

0 

43 

14 

0 

43 

0 

0 

0 

0 

0 

0 

11/29 

1.09 

0.44 

2.03 

0 

29 

14 

14 

29 

0 

14 

0 

0 

0 

0 

NOV 

1.06 

0.44 

2,08 

0 

22 

22 

13 

30 

4 

9 

0 

0 

0 

0 

12/  4 

*0.79 

0.38 

1.16 

0 

25 

50 

25 

0 

0 

0 

0 

0 

0 

0 

12/  6 

2.27 

1.00 

2.27 

0 

0 

0 

0 

0 

0 

0 

100 

0 

0 

0 

12/15 

*o,9a 

0.44 

2.04 

0 

29 

14 

43 

0 

0 

14 

0 

0 

0 

0 

DEC 

1.05 

0.38 

2.27 

0 

27 

18 

36 

0 

0 

9 

o 

/ 

0 

0 

0 

7/11 

1.46 

0.91 

2.40 

0 

0 

0 

50 

25 

0 

0 

0 

25 

0 

0 

7/13 

1.19 

0.84 

1.47 

0 

0 

14 

29 

57 

0 

0 

0 

0 

0 

0 

7/25 

1.20 

0.58 

1.59 

0 

14 

0 

29 

43 

14 

0 

0 

0 

0 

0 

JUL 

1.19 

0.50 

2.40 

0 

8 

13 

29 

42 

4 

0 

0 

4 

0 

0 

8/  1 

0.94 

0.50 

1.46 

0 

14 

43 

14 

29 

0 

0 

0 

0 

0 

0 

8/  2 

*0.00 

1.00 

0.00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

AUG 

0.71 

0.71 

0.71 

0 

0 

100 

0 

0 

0 

0 

0 

0 

0 

0 

STUDY 

PERIOD   1,11    0.38     2.40       0   17   19   24   29    3 

note:  »  INDICATES  THAT  A  UEEKLY  AVERAGE  IS  FOR  FEUER  THAN  7  DAYS. 


HONTHLY  AND  YEARLY  AVERAGE  UIWD  POUER  TENSITY  IN  UATTS/SQ.  METER 

MINIMUM  UIND  YEAR 


SITE  location:  HELENA  NCC  UEATHER  STATION  LOCATION:  HELENA 

STARTING  TIME  FOR  PROJECTED  DATA:  2C0  HOURS  ON  1/  1/79 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  1.11 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 


MONTH 

AVG 

UIND  SPEED 

AVG  PRESSURE 

AVG  TEMPERATURE 

AVG  UIND  POUER  DENSITY 

(MPH) 

(MBS) 

(F) 

(U/M2) 

JAN 

5.4 

882.3 

1.1 

42 

FEB 

7.4 

877.3 

20.1 

95 

«AR 

8.7 

880.5 

34.7 

100 

APR 

10.3 

873.1 

42.7 

131 

MAY 

11.5 

879,4 

53,2 

158 

JUN 

10.2 

881.1 

62,0 

119 

JUL 

9.7 

882,2 

69.2 

86 

AUG 

8.6 

881.1 

67.7 

70 

SEP 

8.5 

832,5 

61.3 

75 

OCT 

8.2 

831.1 

47,3 

77 

NOV 

7.2 

834.5 

29,0 

63 

DEC 

9.2 

831.1 

28,2 

156 

YEARLY 

average: 

1979 

8.8 

93 

MONTHLY  AND  YEARLY  AVERAGE  UIND  POUER  DENSITY  IN  UATTS/SO.  METER 

MEAN  yiND  YEAR 


SITE  location:  HELENA  NCC  UEATHER  STATION  LOCATION:  HELENA 

STARTING  TIME  FOR  ''RQJEnTED  DATA:  200  HOURS  ON  1/  1/77 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  1.11 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 


MONTH  AVG  ULND  SPEED 
(MPH) 


YEARLY  average: 
1?77      10.0 


AVG  PRESSURE 
( MBS ) 


AVG  TEMPERATURE 
(F) 


AVG  UIND  POUER  DENSITY 
( U/M2  ) 


JAN 

6.S 

833. 2 

18.0 

74 

FEB 

8.8 

834.2 

34.1 

119 

HAR 

11.5 

876.7 

32.4 

182 

APR 

10.2 

832.8 

46.9 

126 

«AY 

11.2 

376.7 

50.4 

144 

JUN 

10.9 

331.8 

63.6 

156 

JUL 

11.6 

-  832.8 

66.3 

155 

AUG 

10.7 

832.5 

63.6 

121 

SEP 

9.0 

880.5 

56.3 

91 

OCT 

8.1 

883.2 

45.6 

35 

NOV 

12.2 

830.5 

31.2 

269 

DEC 

9.0 

877.8 

20.7 

117 

137 


MONTHLY  AND  YEARLY  AVERAGE  UIND  POUER  DENSITY  IN  UATTS/SO.  METER 

MAXIMUM  UIND  YEAR 

SITE  location:  HELENA  NCC  UEATHER  STATION  LOCATION:  HELENA 

STARTING  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/74 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  1.11 
PROJECTED  WIND  SPDS  AT  10  METER  ELEVATION 

MONTH  AUG  WIND  SPEED     AVG  PRESSURE       AVG  TEMPERATURE     AVG  UIND  POUER  DENSITY 
(MPH)  (MBS)  (F)  (U/M2) 


JAN 

11.3 

877.3 

18.1 

240 

FEB 

12.3 

879.4 

32.8 

208 

«AR 

12.6 

875.7 

33.9 

245 

APR 

11.9 

879.1 

46.0 

182 

HAY 

12.2 

878.8 

43.6 

204 

JUN 

10.9 

379.4 

64.9 

140 

JUL 

10.1 

881.5 

70,4 

97 

AUG 

8.2 

882.8 

61.5 

61 

SEP 

7.6 

834.9 

53.5 

56 

OCT 

7,4 

885.2 

45.8 

65 

NOV 

8.7 

882.2 

34,7 

125 

DEC 

10.2 

880.5 

27,7 

131 

YEARLY  average: 
1974     10.3  149 


MONTHLY  &  YEARLY  AVG  UIND  SPD  < MPH )  AND  PERCENTAGE  SPEED  PROFILE 

HINIMUH  UIND  YEAR 

SITE  location:  HELENA  NCC  UEATHER  STATION  LOCATION:  HELENA 

STARTING  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/79 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  Kll 
PROJECTED  WIND  SPDS  AT  10  HETER  ELEVATION 

AVG  PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 

MONTH  SPEED    <10  <11  <12  <13  <14  <16  <18  <20  <22  <24  <26  <28  <30  <32  <34  <36  <33  <40  >40 


JAN 

5.4 

71 

0 

10 

3 

0 

10 

3 

2 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

FEB 

7.4 

74 

0 

5 

A. 

0 

6 

3 

3 

0 

c 

2 

1 

1 

0 

0 

1 

0 

0 

1 

HAR 

8.7 

63 

0 

10 

4 

0 

9 

3 

5 

1 

1 

0 

0 

1 

0 

0 

1 

0 

0 

0 

APR 

10.3 

59 

0 

8 

4 

0 

10 

5 

6 

n 

^ 

3 

n 

1 

0 

0 

0 

0 

0 

0 

0 

MAY 

11.5 

48 

0 

9 

5 

0 

10 

5 

9 

3 

6 

-1 

L. 

0 

1 

£- 

0 

0 

0 

0 

0 

0 

JUN 

10.2 

55 

0 

11 

4 

0 

12 

5 

5 

3 

1 

0 

0 

0 

0 

0 

0 

0 

JUL 

9.7 

59 

0 

11 

6 

0 

9 

4 

5 

1 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

AUG 

8.6 

64 

0 

11 

7 

0 

8 

3 

3 

n 

L. 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

SEP 

8.5 

67 

0 

8 

7 

0 

4 

5 

5 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

OCT 

8.2 

63 

0 

10 

5 

0 

9 

1 

A. 

5 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

NOV 

7.2 

68 

0 

8 

4 

0 

6 

7 

3 

A. 

1 

0 

0 

0 

0 

0 

0 

0 

0 

DEC 

9.2 

61 

0 

6 

2 

0 

7 

3 

3 

5 

3 

n 

^ 

0 

3 

1 

0 

1 

0 

0 

0 

YEARLY 
1979 

average: 

3.8 

62 

0 

9 

5 

0 

8 

4 

4 

n 

i. 

1 

0 

1 

0 

0 

0 

0 

0 

0 

MONTHLY  i  YEARLY  AVE  UIND  SPD  ( HPH )  AND  PERCENTAGE  SPEED  PROFILE 

MEAN  UIND  YEAR 

SITE  location:  HELENA  NCC  UEATHER  STATION  LOCATION:  HELENA  . 

STARTING  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/77 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  1.11 
PROJECTED  WIND  SPDS  AT  10  HETER  ELEVATION 

AUG  PERCENT  OF  UIND  IN  'v'ELOCITY  BRACKETS 

MONTH  SPEED    <10  <11  <12  <13  <14  <16  <13  <20  <22  <24  <26  <28  <50  <32  <34  <36  <3S  <40  >4C 


JAN 

6.3 

65 

0 

8 

5 

0 

9 

3 

4 

n 

2 

2 

1 

0 

0 

1 

0 

0 

0 

0 

FEB 

8.3 

59 

0 

6 

5 

0 

7 
/ 

3 

10 

A. 

3 

0 

n 

0 

0 

0 

1 

0 

0 

MAR 

11.5 

45 

0 

7 

6 

0 

11 

3 

11 

5 

5 

5 

0 

1 

0 

0 

0 

0 

0 

0 

APR 

10.2 

47 

0 

11 

5 

0 

12 

7 

3 

5 

5 

3 

1 

0 

0 

0 

0 

0 

0 

0 

MAY 

11.2 

46 

0 

10 

7 

0 

10 

7 
/ 

10 

3 

5 

1 

0 

1 

0 

0 

0 

0 

0 

0 

JUN 

10.9 

53 

0 

11 

4 

0 

10 

4 

4 

3 

5 

1 

1 

4 

0 

0 

1 

0 

0 

0 

JUL 

11.6 

46 

0 

12 

6 

0 

9 

6 

9 

2 

5 

3 

0 

1 

0 

0 

0 

0 

0 

AUG 

10.7 

58 

0 

14 

5 

0 

6 

4 

4 

n 

3 

1 
u 

0 

1 

1 

0 

0 

0 

0 

0 

SEP 

9.0 

60 

0 

12 

5 

0 

9 

3 

3 

O 

£. 

-1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

OCT 

3.1 

69 

0 

6 

3 

0 

6 

5 

4 

1 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

NOV 

12.2 

45 

0 

6 

4 

0 

10 

4 

3 

5 

6 

3 

0 

4 

0 

1 

0 

0 

0 

DEC 

9.0 

54 

0 

10 

7 

0 

11 

6 

3 

4 

-2 

3 

0 

O 

^ 

0 

0 

0 

0 

0 

0 

YEARLY 

average: 

1977 

10.0 

53 

0 

9 

5 

0 

9 

5 

6 

3 

4 

1 

0 

0 

0 

0 

1 

0 

0 

MONTHLY  L   YEARLY  AUG  UIND  SPD  ( MPH )  AND  PERCENTAGE  SPEED  PROFILE 

MAXIMUM  UIND  YEAR 

SHE  location:  HELENA  NCC  UEATHER  STATION  LOCATION:  HELENA 

STARTIHG  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/74 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  1.11 
PROJECTED  WIND  SPDS  AT  10  METER  ELEVATION 

AVG  PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 

MONTH  SPEED    <10  <11  <12  <13  <14  <16  <18  <20  <22  <24  <26  <28  <50  <32  <34  <36  <33  <40  >40 


JAN 

11.3 

41 

0 

7 

6 

0 

9 

5 

9 

6 

7 

5 

0 

1 

3 

0 

1 

1 

1 

0 

FEB 

12.3 

43 

0 

6 

3 

0 

8 

5 

12 

4 

O 

3 

0 

0 

0 

0 

0 

0 

0 

HAR 

12.6 

46 

0 

6 

5 

0 

11 

4 

9 

4 

4 

5 

1 

2 

2 

0 

0 

0 

0 

APR 

11.9 

49 

0 

6 

5 

0 

9 

4 

11 

5 

5 

1 

0 

5 

0 

0 

0 

0 

0 

0 

MAY 

12.2 

44 

0 

11 

7 

0 

11 

7 

7 

1 

3 

2 

0 

4 

1 

1 

1 

0 

0 

0 

JUN 

10.9 

54 

0 

12 

4 

0 

10 

1 

6 

n 

4 

1 

0 

1 

2 

0 

0 

0 

0 

0 

JUL 

10.1 

53 

0 

10 

9 

0 

9 

4 

1 

3 

3 

1 

0 

1 

0 

0 

0 

0 

0 

0 

AUG 

8.2 

72 

0 

10 

3 

0 

7 

4 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

SEP 

7.6 

73 

0 

5 

8 

0 

6 

4 

3 

1 

1 

1 

I 

1 

0 

0 

0 

0 

0 

0 

OCT 

7.4 

75 

0 

6 

2 

0 

7 

2 

3 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

NOV 

8.7 

68 

0 

6 

3 

0 

5 

3 

5 

1 

4 

2 

3 

0 

1 

n 

^ 

0 

0 

0 

0 

DEC 

10.2 

56 

0 

5 

4 

0 

6 

5 

7 

3 

7 

3 

0 

2 

0 

1 

0 

0 

0 

0 

YEARLY 
1974 

average: 

10.3 

56 

0 

8 

5 

0 

8 

4 

6 

3 

4 

2 

1 

L. 

1 

0 

0 

0 

0 

0 

APPENDIX  I 
Averssie  Yesrly  Uind  SFeed  i,  Uind  Power  Density  si  10  Meter  Elevsticn 

sversse  aversse  yearly  wind 

Sloticn  Mane          yearly  SF'eed  pouer  density 

(HPH)  (Ustts/SG.  Heter) 

Billings   Lossn 

International   Airport               12.3  156 

Bozen.an  Airpcrt                             7*9  63 

Bsjite-Silver   Bcw 

County  Airport                              7.6  70 

Cut   BanK    Airport                          13.7  284 

Dillcnj  Beaverhead 

County  Airport                              10.1  103 

Glsss'ou  International 

Airport                                    _        12.1  174 

Grsst  Falls  International 

Airport                                            12.8  217 

Havre  City-County 

"Airport                                            11.4  161 

Lewi 5 town   Airport                      11.0  137 

Livingston  Airport                     14.5  403 

Miles  City  Airport                     10.1  108 

Superior    Airport                           4»9  13 

UhitehsU   CAA                                13.4  340 

SDots  froF.  yind  Resource  Atlas:   Voluriie   1   -  Northuest  Resiion   by  Bettelie 
Pscific   Northuest  Laboratoryj   PN'L-3195  WERA-1  UC-60r   April   1930?   p.   76. 


(3) 


APPENDIX  II 

Power  Characteristic  Curve  For  a  Holec  Windmatic 

model  14S  Wind  Generator 

Wind  Speed  Versus  Generator  KWh  Output 
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APPEK'DIX  III 

UIND  SITE  DEyELOPtiENT  GUIDE 
Prepared  by  Gunderson  Consullins  Service 
525  E.  PsviSf  Fozer;sn»  HT  Tel:  406/536-3502 

I.  Preliriinsry  Fessibilils  Study — Coslt  $0 

1.  Obtain  local  uesther  data — nionthly  J.  yearly  average  wind  speeds. 

2.  Review  your  electric  bills?  fisure  your  niaxiauniT  niiniciuni  and  averase  rionthly 
electric  loads.  The  lonSer  the  period  you  reviews  the  better, 

3.  Deterndne  what  conservation  nieasures  could  reduce  your  electric  load. 

4.  Resd  all  the  wind  feneration  literature  you  can  find. 

5.  LooK  your  property  over  and  picK  the  itiost  likely  potential  wind  sites. 
As  a  rule  of  thur.bf  a  site  that  has  a  wind  power  density  of  over  2C0 
waits  per  sauare  meter  and  has  a  MINIMUM  sverase  wind  speed  of  12  MPH 
durins  at  least  si;;  Bionths  a  year  can  be  considered  for  developr.ent. 

6.  Start  to  thinK  about  how  n^uch  of  your  electric  load  you  can  elirdnate 
by  conservation  and  how  n,uch  you  want  to  generate  with  wind  power. 
Decide  how  R.uch  of  your  tine  you  can  devote  to  developins  &  usinS  the 
wind  resource  on  your  property.  Try  to  ir^agine  hou  a  wind  installation 
eight  affect  your  and  your  neighbors'  pror-erty. 

7.  Set  a  ceiling  in  dollars  on  the  a^iount  you  are  wiUins  to  invest  in 
wind  seneration . 

8.  Contact  your  utility  con^pany  and  obtain  their  policies  and  procedures  for 
ccnnsctins  a  wind  generator  to  their  trsnsniission  systen.  Find  out  hou 
juch  they  will  pay  you  for  electricity  you  eenerate. 

9.  Cultivate  the  habit  of  Keeping  detailed  records  and  files. 

II.  Final  Feasibility  Study— Cost:  $0  -  $3»000 

1  .  As  a  rule  of  thunib»  a  wind  site  is  a  sood  prospect  for  developr.ent  if 
it  has  3  wind  power  density  of  over  200  watts  per  souare  neter  and  has 
an  average  wind  speed  of  no  less  than  12  MPH  for  at  least  six  nonths  per 
year.  To  decide  whether  or  not  your  wind  resource  warrants  inv9stn.ent»  ycu 
cay  need  a  wind  resource  study  to  n^easure  the  wind  speed  and  direction 
at  your  site.  This  will  depend  on  two  factorst 

a)  the  availability  and  Quality  of  existing  wind  speed  and  direction  data 
fror.  3  nearby  sourcer  such  as  a  National  Weather  Service  Station?  and 

b)  the  total  en^ount  of  your  proposed  investnient. 

i)    $0  -  $5»000  i  no  financing.  Some  generator  dealers  will 

perform  a  3-n.onth  wind  speed  study  at  a  client's  site?  others 
rely  on  existing  data  fror:  a  nearby  site  such  as  a  National 
Heather  Service  station.  Cost:  $0 
ii)   $5tOOO  -  $10»000  with  partial  financing.  The  lending  institu- 
tion B.ay  want  to  see  the  results  of  a  6-nionth  wind  study  before 
approving  a  loan.  Your  too»  should  want  a  study  of  your  wind 
resource  before  borrowing  Bioney.  SoRie  generator  dealers 
perfoTRi  such  studies  for  their  clients*  private  consultants 
*  do  wind  resource  studies  without  consideration  of  a  particu- 

lar wind  generator.  Cost  $0  -  $2f500. 
iii  )  More  than  $1C»000  with  R.aJor  financing.  An  investment  of  this 
size  reouires  an  independent»  long-tern  wind  resource  study. 
Cost:  around  $  3>000  depending  on  tern  and  nuRiber  of  sites. 
2.  Contact  one  or  niore  wind  generator  dealers;  the  State  energy  office  and  a 
private  consultant;  tell  then  your  investment  ceiling  and  asK  for  their 
eslir.ate  of  the  cost  of  various  sized  wind  generators  and  the  Quantity 
of  electricity  those  generators  could  be  expected  to  produce  under  the 
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wind  snd  ler:.FerBlure  res-ir.e  si  your  site.  Get  all  the  wind  Generator 
brcchurpsT  osls  sheets  and  specifications  you  possibly  can. 

3.  Look  over  the  infor;:.ation  ycu  have  collectedr  snd»  if  you  still  want 
to  cevelcp  your  wind  resource,  select  the  syster.  which  falls  belcu 
your  investr.ent  ceilins,  leaves  rccr,  for  all  the  other  costs  and 
seers  r-osl  liKely  to  produce  the  sn.ount  of  electricity  you  thinK  you 
should  set  under  the  conditions  at  ycur  site. 

4.  Contact  a  dealer  of  the  n^achine  you  have  selected.  If  the  dealer 
knows  you  are  a  serious  customer ?  they  should  be  willing  to 
furnish  you  the  following  inforciation : 

s)  An  estir.ate  of  the  n.onthly  nrininurr*  maxinun  and  average  electric 
output  ycu  could  e;;pect  fron  the  generator  under  conditions 
described  by  the  data  frcn  your  site. 

b)  An  estir.ate  of  all  instsl  lation»  connection  and  maintenance 
costsf  and  an  econordc  analysis  showing  the  assuaptions  nade  and 

the  estiRsted  paybscK  period  for  this  generator  under  your  conditions. 

c)  Conplete  warranty  information. 

d)Cor;Plete  inforn-ation  for  utiltiy/hone  electric  interface  connection. 

e)   Haintenance  schedules  and  their  costs. 

f  )  A  S3r,ple  of  the  dealer's  contract  forn  or  fornis  to  cover  instailationf 

electrical  interface  and  systen  startup. 
E' )  A  list  of  custorers  who  have  used  the  generator  Bodel  you  are 

looKing  at  for  at  least  1  year  in  a  clinate  similiar  to  your  site, 
h)  A  description  of  the  dealer's  experience  with  the  particular 

generator.  A  short  history  of  the  manufacturer  is  also  nice  to  have. 

N'o  dealer  will  be  willing  to  furnish  all  this  inforristion  until  they 
Know  you  are  seriously  interested  in  a  generator.  But  the  dealer's  first 
response  to  you  is  a  good  indication  of  their  reliability  and  of  the 
the  Quality  of  their  prcduct.  The  ftore  contact  you  have  with  the  dealer, 
the  ^n,cre  of  this  infcrniation  ycu  will  receive.  If  inforrjetion  ssens  too 
hard  to  set,  you  should  consider  finding  another  dealer.  You  should 
expect  to  have  all  your  questions  answered  to  your  satisfaction. 

III.  Installstion,  Operation  &  Haintenance. 
At  this  point,  asK  yourself  if  you  still  want  to  invest  in  your  wind  site, 
If  you  do  not  feel  satisfied  about  your  wind  prospect  at  this  point, 
sou  would  be  better  off  to  write  off  all  your  work  to  date  (and  Eioney  as 
well,  if  you've  had  a  wind  resource  study)  than  to  spend  $10  -  100  thousand 
tore  for  a  wind  n,achine  that  does  not  generate  the  electricity  your  invest- 
ment depends  en.  Rener.ber  that  you  can  write  off  a  business  loss  Just  as 
essily  as  you  can  take  a  tax  credit  for  a  renewable  energy  investr.ent. 
And  finally,  rendnd  yourself  that  no  generator  can  improve  the  wind  at  your 
site. 

If  you  decide  to  proceed  with  your  investnient  plans,  the  first  step  is  to 
follow  through  on  the  conservation  neasures  you  identified  at  the  beginning 
of  ycur  feasibility  study. 

Then,  here,  in  general,  are  the  steps  to  getting  those  first  Kilowatts  flowing: 
1  )  If  you  Plan  to  inter  tie  with  the  utility  systec,  negotiate  a  buy-bacK 
contract  with  your  utility  cor.pany.  You  will  have  to  have  their 
approval  of  the  electrical  interconnect  your  dealer  plans  to  use 
and  you  ii.ay  have  to  r-eet  their  insurance  reouirecents. 

2)  Fror,  your  city/county  planning  and  zoning  departr.ents  obtain- whatever 
installation  perr.its  or  licenses  they  reouire. 

3)  Gel  your  insurance  agent's  advice  on  what  Kinds  of  insurance  your 
installation  will  need  and  order  it. 
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A)  Gel   loselher   with  your  desler   snd  prepsre  a  finsl  econonic   enslysis.  Con- 
siderins  ALL  coslsr   cslcuUle   the  FsybecK   p-eriod.   If   the   lolsl  cost  and 
snd   ihe   paybccK   period  still   suit  youf    then  you   knou  your   invsstr.ent  is  e; 
solid  5S  you   csn  csKe  it. 

5)  Consider  havina   lessl   review  of   the  contract  your  dealer  offersf    then 
negotiate  it  with  your  decler.   This  is   also  a  sood   tirie   to  negotiate 

3  n.aintenance  contract. 

6)  ftfler  your   generator   is   installed  and  operatingr   have  your   dealer   cr   sn 
independent  consultant  Hionitor   the  wind  speed  at  your   generator   site  for 
3-6  tenths  so  you  can  cor.pare   the  wind  power  potential   during  the  period 
with  the  output  fror.  your   generator  during   the  sar.e  period   to  deterrdne 
whether   your   generator   is  performing  according  to  your  expectations 

snd   the   Ranuf ecturer's  specifications. 

7)  MaKe  sure  that  the  maintenance  schedule  is  followed  and  repairs 
are   tade  whenever   they  sre  needed. 
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Descriplicn  of  EouiFT.enl 

Jhs   wind  dsls  in  thi5  report  U55  fathered  and  rsccrdsd  b'i  DNRC's  uind 
-cnitsrin^  s-isler.  #DSR-3  si   the  Pal  and  Ksn  Torsersan  place  near  Lacberl* 
Montana  fror,  July  19,  19S1  to  October  22,  1931, 

Natural  Power  Inc.»  New  Boston,  New  Haiiipshire?  rianufsctured  the  recorder 
and  sensor  used  in  the  systen  which  fathered  this  data.  The  systec.  included  a 
dual-channel  strip  chart  recorder  housed  in  s  plastic  case?  a  4-Fole  cup 
aneir.o-.eter  7  a  uind  direction  sensor^  3  12-voit  wet  cell  autoRcbile  battery,  and 
all  the  cable  needed  to  connect  the  sensor  to  the  recorder?  the  recorder  to  the 
battery  and  the  entire  systan.  to  a  sroundinS  staKe.  Coir.pletin^  the  systeri  were 
an  instrument  shelter  and  a  lO-r-etsr  tower  with  RountinS  bracKst^  ^uy  wires  and 

The  wind  direction  sensor  failed  to  operate  durins  the  period. 

Ths  operating  specifications  for  the  snen.ci:,eter  are! 
Uind  velocity  range:  3-  150  HPH 
Temperature  range  -60  to  200  degrees  F. 

The  operating  specifications  for  the  strip  chart  recorder  aret 
Tecpsrature  range!  32  to  160  degrees  F. 
Recorder  r.eter!  +  or  -  I'C 
Recorder  chart  speed!  +  or  -  571 
Response  tir.e!  5  seconds  to  full  seals 

The  the  sL-^iP  chart  recorder  records  a  wind  speed  reading  every  two  seconds 
by  r.aKing  a  r,3rK  on  the  strip  chart.  To  RaKe  the  r.arK,  an  iir.pact  bar  strikes 
the  top  side  of  the  neter  needle,  which  then  touches  pressure-  sensitive  paper 
(a  ""strip  charf  )  r;cving  slowly  beneath  the  needle.  These  dots  accuRulate  on 
the  r.oving  paper  for-ing  a  graph  of  the  wind  speed. 

The  tower  was  a  IC-r.eter  Radio  ShacK  telescoping  TV  antenna  r.ast  sade  of 
galvanized  steel  and  guyed  by  eight  cables  in  s  25'  radius.  It  is  rated  to 
withstand  winds  up  to  150  MPH. 

The  instrument  shelter,  -.ade  of  wood  and  insulated  with  styrofoar.*  was 
located  at  the  base  of  the  tower  to  house  the  recorder  and  battery  in  side-by- 
side  ccr,P3rt:;.ents.  The  syster^  was  grounded  by  a  wire  fror.  the  recorder  to  s 
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McnilcrinS  Method 


DNRC's  uind  ponitorin^  sysisr;  *DSR-3  si  the  Tcr^erson  fsrn.  ncrthuest  of  Lsr.hert 
(r^silinS  sddresst  Lsir.hert?  McntanSf  5?24-3),  Between  the  date  of  installation  snd 
October  22i   1981»  the  Tcr^ersons  charged  the  batteries  snd  changed  the  rolls  of 
strip-  chsrt  psper  as  they  were  filled.  The  sner.or.eter  snd  the  strip  chsrt 
recorder  wcrKed  according  to  specifications  during  the  conitorin^  period  but  the 
wind  direction  sensor  failed  to  send  any  signals  to  the  recorder. 

In  June  1982?  DNRC  contracted  with  Gunderson  Consulting  to  analyse  snd 
susssrize  the  dats  on  the  strip  charts  snd  prepare  this  report. 

To  locate  the  monitoring  site?  drive  west  frcR  Lambert  on  State  200  about 
one  !T;ile  to  a  large  ^-H  sign.  Turn  north  onto  s  gravel  road  snd  drive  one  snd 
one-half  jniles?  then  turn  uest  and  drive  one  niiej  then  turn  south  and  drive 
Gusrter  of  s  r.iie  to  the  farn, 
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Description  the  Dsis  Ansl^sis  PrccGQure 

Ansl'isis  of  ih9  siri?  chsrl  dsts  w35  dons  on  s  ccir.rulsr  sysieir,  cor.rosed  of 
the  foilcuing  iier.st  s  Sculhwesl  Technic?!  Products  CcrFcr;?licn  podel  CT-32 
intelliseni  ier-ansl?  r.cdel  69A  csnirsl  FTccessinS  unil>  luo  riCdel  HF-69  dusl- 
sided  sinsle  density  disK  drives?  sn  Inlssrsi  Data  S'ister.»  Inc.  sodel  4-40  dot- 
n.stri;;  ii;,rcct  printer  snd  3  Houston  Instrur.ent  HI  PAD  digitizing  pad  with  3  one- 
button  cursor. 

The  strip  charts  uere  digitized  snd  stored  en  5.25  inch  floppy  disKs.  In 
this  process?  an  operator  uses  the  cursor  and  digitizer  pad  to  trace  six-inch 
sesi;ents  (referred  to  ss  "plots')  of  the  uind-speed-versus-tiae  curve  on  the 
strip  chart  <  105  sesrrents  per  strip  chart).  This  sends  3  strean;  of  XY 
cccrdinstes  to  the  ccr;puterr  which  receives  and  stores  ther;  with  an  accuracy  of 
+  or  -  .015  of  sn  inch.  For  this  study?  the  cocrdinstes  were  stored  on  disK  with 
three  deciRal  places. 

After  the  strip  charts  were  digitized  the  data  wss  averassd  into  hourly 
wind  speeds  ss  follows:  the  digitized  wind  speed  coordinates  were  corrected  for 
the  nonlinesr  response  of  the  strip  chart  recorder;  the  strip  chsrt  tiiTiC 
coordinates  were  corrected  for  vsriaticns  in  the  operating  sPeed  of  the  recorder 
over  the  period  of  tiise  it  tooK  to  fill  the  strip  chart?  the  resulting  corrected 
hourly  speeds  were  sversged. 

At  the  ne;;t  level  of  analysis?  the  hourly  wind  speed  dats  uss  sunicsrized 
into  daily?  weeKly  and  r.onthly  suscsries.  To  do  this?  the  computer  reed  the 
houly  wind  speed  eler.ents  one  day  st  3  tirie  snd  averaged  ther.  into  daily?  weeKiy 
sn.d  iT.onthly  average  wind  speed  profiles.  It  carried  individual  running  totals 
for  each  sur.csry  period  to  r.iniriizs  aversging  error. 

Also?  3  wind  speed  percentage  sPectrus  wss  calculated?  as  followst  the 
ccr.putsr  counted  hourly  wind  speeds?  then  sorted  ther.  into  sPeed  bracKets? 
sis.ultsnecusly  Keeping  a  count  of  sler^ents  sorted  into  each  bracKet  for  each 
tir,e  su-n;sry  period.  At  the  end  of  the  tine  suiT,ci3ry  period?  the  nusber  of  speed 
eler;ents  sorted  into  each  speed  bracKet  was  divided  by  the  total  count  of 
eleiTients  for  the  sur.iTiary  period?  which  produced  the  percent  of  tiir.e  the  wind 
blew  in  each  speed  brscKet  during  the  period.  The  wind  speed  percentage 
bracKets  were  sized  to  fit  the  perfor;;,ance  of  r.ost  wind  generators?  i.e.? 
stsrtup  wind  speeds  between  10  snd  14  MPH?  highly  varisble  production  up  to  30 
MPH  snd  generally  fist  perforir.ance  at  speeds  greater  than  30  HPH. 

Ne  ;t?  the  computer  calculated  weeKly  snd  r.onthly  wind  power  density  vslues 
by  averaging  hourly  wind  sPaed  cubed  values  for  each  suricary  period  with  the 
35r,e  Kind  of  routine  it  used  to  calcuiste  the  average  wind  speeds.  The  process 
of  calculating  wind  power  density  for  esch  5un.i:i3ry  period  will  be  described 
later  in  this  report. 

No  wind  direction  sur.i;,3rie5  could  be  prepared?  due  to  the  failure  of  the 
wind  direction  sensor  to  trsnsr.it  any  dsta, 

Tc  correlate  data  fror.  3  ponitcring  r  He  with  data  fror.  the  nearest 
National  lieather  Service  Station?  it  r.ust  first  be  deterr.insd  if  any  difference 
e;;ists  between  the  height  of  the  3ner.orr,eter  st  the  site  and  the  height  of  the 
one  st  the  weather  service  station  ,  In  this  instance?  the  sner.cir.eter  at  the 
nssrest  station  (liilliston?  ND )  is  st  6,10  nieters  while  the  aner.or.eter  st  the 
site  uss  10  r.eters.  This  difference  was  sdJusted  by  the  stsndsrd  n.ethod  used  in 
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the  industry?  called  the  "1/7  power  Isw'^t 


V  H 

V  h 


where  V  =  wind  sp-eed  si  height  H 

V  =  wind  speed  si  3  reference  height  hi  and 
N  =  1/2  far  0  to  5  fiPH  winds 

=  1/5  for  5  to  35  r,?H   winds 

=  1/7  for  winds  Greater  ihsn  35  flPH. 

In  addition  to  the  vsrisiion  in  tower  height?  there  exists  3  time  lag  in 
westher  between  the  site  snd  the  weather  service  station.  To  sccoccdste  this 
effects  the  ccrrelsticns  for  each  three-hour  period  were  averBSed  together  to 
obtain  a  daily  correlation  factor.  Froir,  these  average  daily  correlation  factors; 
weeKly?  scnthly  and  period  correlation  averages  were  cslculated.  LiKewise? 
the  correlation  factor  percentage  spectrur^  and  the  cesn?  Ciar.ir.us  and  cinicuni 
ccrrslaticn  factors  were  selected  frofi  the  daily  average  correlation  factors. 
This  techniGua  averages  out  the  lead/isg  weather  variations  between  two 
geographically  separated  locations. 

To  calculate  a  wind  speed  correlation  f actor f  three  hours  of  site  data  were 
averaged  together  to  correspond  to  the  three-hourly  average  readings  froB  the 
weather  service  station.  The  weather  service  reading  was  extrapolated  up  to  a 
sensor  height  of  10  i:;eiers.  Finally  the  site  three-hourly  average  speed  was 
divided  by  the  adjusted  weather  service  station  reading  to  obtain  a  three-hourly 
average  correlation  value.  Eight  three-hourly  average  ccrrelstion  factors  were 
averaged  to  produce  a  dsily  Bverage  correlation,  Dsily  3ver3ge  correlation 
factors  were  then  averaged  by  the  weeKf  Hicnth  and  period  to  produce  average 
ccrr elation  factors.  The  Eesn?  caxir.uB  and  r.inir.us  correlation  factors  were 
selected  froir^  the  daily  average  correlation  factors. 

The  final  level  of  data  analysis  was  projection  of  r.axii5URr  Biniir.uR  and 
average  aricunts  of  wind  which  can  reasonably  be  expected  at  the  Konitoring  site 
over  3  ten  year  period.  In  this  process?  both  wind  speed  and  wind  power  density 
were  projected?  by  applying  the  monitoring  period  correlation  factor  to  the  wind 
spsed  data  fror,  the  previous  ten  years  at  the  National  Ueather  Service  Station 
in  Uilliston?  North  DaKota.  To  project  wind  speed?  three-hourly  average  speed 
data  fron  the  weather  station  was  extrapolated  to  an  elevation  of  10  peters? 
iTiUltiplied  by  the  ponitoring  period  correlation  factor?  then  averaged.  For  wind 
power  density?  each  three-hourly  average  speed  was  first  cubed?  then  added  into 
the  running  total  used  to  calculate  the  average  wind  power  density.  Separate 
running  totals  of  the  three-hourly  averages  were  r.ainlained  for  both  the  monthly 
snd  yearly  averages. 

The  r.ost  useful  statistic  to  compare  the  potential  of  several  sites  is  the 
wind  power  density.  But  even  though  wind  power  density  is  by  far  the  cost 
useful  statistical  tool  for  wind  gensratcr  site  selection?  it  is  usually  the 
least  used  by  wind  developers.  Uind  power  density  is  defined  ssj 

3 
P=  (l/2)pKy 
where  P  =  wind  power  density 
p  =  sir  density 
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'v'  =  uind  5P9ed 

K  =  s  FroForiionelity  ccnslsnl  used  lo  resolve  differences  in  units  of  the 
vsricus  ecuoiion  lerr.s 
Note  thsl  sir  density  p  is  defined  sst  p  =  A/( RT ) 
where  A  =  atr,osFheric  pressure 

R  =  ideal  ^3S  constant-  for  air  is  225.7  joule/KS  degree  Kelvin 

T  =  absolute  air  ter.perature. 

The  final  worKin^  version  of  this  eoustion  ist 

A  V  ( ,01547) 


p= 

<5/9KT-32)  +  273.15 

where  A  =  average  sir  pressure  in  iTiiliibsrs 

'J   =  the  average  of  the  three-hourly  HPH  wind  speed  readinBS  cubed 
T  =  average  tercpersture  in  decrees  F. 

The  resson  wind  power  density  is  s  better  basis  than  svers^e  wind 
speed  for  selecting  s  site  for  a  wind  generator  becomes  clear  through 
understanding  the  enuaticn  for  wind  power  density  given  above.  It  shows  that 
the  power  in  the  wind  andf  therefore?  the  power  that  can  be  absorbed  frar.  the 
wind  by  a  wind  generator*  is  proportional  to  the  cube  of  the  wind  speed.  If  an 
average  wind  speed  is  used  to  calculate  the  wind  power  density?  the  average 
speed  c.ixes  all  the  instantaneous  wind  speeds  above  the  average  speed  with  all 
the  instantaneous  speeds  below  it  on  a  linear  scale,  Uhen  the  average  speed  is 
cubed  it  will  yield  a  rr.uch  lower  value  than  if  each  instantaneous  wind  speed 
were  cubed  and  then  all  the  cubed  speeds  averaged.  The  following  e>;sr„Fle 
illustrates  this  fact:  averaging  the  following  nur-bers  ( 0>9»15»31»23?14?6?4f0) 
and  cubing  the  result  yields  a  value  of  1630.  Cubing  each  nuaber  and  averaging 
the  cubed  values  yields  a  value  of  6541,  Note  the  acount  of  error.  The  longer 
the  averages  used  in  projecting  wind  power  density  the  greater  the  error  in  the 
wind  power  density  beccries. 

The  above  ecuation  for  wind  power  density  also  accounts  for  the 
difference  in  sir  density  between  the  3URt,er  and  winter  nonths  by  its  use 
of  iTicnthiy  average  air  ter-perature  snd  pressure  to  calculate  r.onthly  wind 
power  density.  In  addition?  it  accounts  for  the  air  density  at  the  site  as 
related  to  elevation  above  sea  level?  assuming  the  site  elevation  does  not 
significantly  differ  frci;.  that  at  the  N'ationsi  Weather  Service  Station. 

The  Bonthly  and  yearly  r-axirsuirn  Einis-ui.  and  average  wind  year's  speed  and 
percentage  speed  profiles  were  calculated  in  the  saiiie  Banner  as  the  percentage 
speed  profiles  previously  discussed.  The  only  difference  being  that  the  data 
being  sur.n.arized  was  a  year  of  National  Ueather  Service  Station  3-houriy 
averages  and  that  the  sur.nary  periods  are  by  the  month  and  year. 

The  Hicnthly  and  yearly  average  wind  sPeed  percentage  profile  is  the  Kost 

useful  iter,  in  the  report  for  estiir.ating  the  actual  ouput  of  a  wind  generator 

st  the  nonitoring  site.  See  the  Data  Use  section  for  a  description  of  this 

rr.ethcd. 
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How  to  Use  This  Dsta 

First;  refer  to  Appendix  I  to  ^et  sn  ides  of  how  the  sversSe  wind  power 

density  st  your  site  cciHPsrss  with  the  density  at  other  locstion^  in  Montsns. 

A  coRPsrison  of  wind  power  densities  sives  the  best  perspective  on  the  relstive 
potentisl  of  severs!  sites. 

If  you  were  encoursSed  by  the  coinpsrisonj  you  should  follow  the  procedure 
below  to  cslculote  s  hypotheticsl  yesrly  power  output  of  3  particulsr  wind 
denerstor  if  it  were  installed  st  your  site.  This  procedure  uses  3   wind 
Generator's  Power  Characteristic  Curve  and  a  yearly  average  wind  speed 
percentase  profile.  In  our  e>;aB.Ple7  we  use  a  hypothetical  yearly  average  wind 
speed  profile  and  the  curve  for  a  Uindcatic  HS  generator?  Siven  in  Appendix 
II.  In  your  calculations;  you  would  use  the  actual  yearly  average  wind  speeds 
given  in  this  report  at  the  bottoir,  of  the  chart  titledi  "Monthly  &  Yearly  AvG 
Uind  SPd  (fiPH)  and  Percentage  Profile—Mean  Uind  Year";  and  either  the 
UinoEatic's  curve  fror,  Appendix  II  or  one  you  ^et  for  a  different  generator. 

PERCENT  OF  UIND  IN  VELOCITY  BRACKETS  (hypothetical) 
<10  <11  <12  <13  <U  <16  <18  <20  <22  <24  <26  <28  <30  <32  <ZA   <38  <40  >40 

41   5945  12  10   53211110000 

The  first  step  is  to  convert  these  percentage  figures  into  the  nusber  of 
hours  per  year  the  wind  blew  in  each  brscKet.  Multiply  the  value  in  the  first 
percentage  bracKet  (4i%?  =  ,41)  by  the  nur-bar  of  hours  in- 3  year  (365  X  24  = 
8r760  hours).  The  wind  blew  .41  X  S;760  =  3r591.6  hours  during  the  year  st 
speeds  of  10  MPH  or  less.  In  the  second  bracKet  (10  to  10.99  ilPH);  the  uind  blew 
,05  X  8;760  =  433  hours.  Apply  this  process  to  each  bracKet  of  the  spectrus.;  and 
the  result  will  looK  liKel 

PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 
<10  <11    <12    <13  <14     <16  <13  <20    <22   <24    <26  ...  <34  ... 

3;591.6  433  733.4  350.4  433  1051.2  S76  433  262.8  175.2  87.6  ...   0  ... 

NUMBER  OF  HOURS  THE  UIND  BLEU  IN  EACH  PERCENTAGE  BRACKET 
You  will  use  the  nus.bers  of  hours  in  Step  3» 

The  second  step  is  to  fit  the  Power  Charscteristic  Curve  benesth  the  mid- 
points given  below.  If  you  are  using  the  Uindcatic's  curve;  you  can  use  the  table 
below  Just  as  it  is. 

MIDPOINT  OF  VELOCITY  BRACKETS  ( MPH ) 
5  11  12  13  14  15  17  19   21  23  25  27  29  31  33  35  37  39  41 

0   0   0   2   4   7  11  17   21  27  33  39  45  50  55  59  60  62  60 
GENERATOR  OUTPUT  < KUH )  FROM  POWER  CHARACTERISTIC  CURVE 

The  third  step  is  to  Eultiply  the  nur.her  of  hours  m  each  bracKet  (Step  1) 
by  the  corresponding  generator  output  in  each  bracket  (Step  2).  These  products 
are  shown  below  the  linet 

MIDPOINT  OF  VELOCITY  BRACKETS  (MPH) 
5  11  12   13    14    15    17    19    21    23    25    27    29    31  33  ... 
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0   0   0  701   1752  7358  9636  7446  5519  4730  2891  3416  3942  4330  0  ., 

PERIOD  GEN'ERATOR  OUTPUT  (KUH)  PER  BRACKET 
snd  Ihsn  ^riri   the  outputs  frcr.  sU  the  hrscKels.   This  sives  the  hypciheticsl 
yesrly  sensrslor'  oul?ul>  uhich  in  this  a;;5r.?ie  is  51»771  Klih. 

Ncu  you  STP  resd'ri  to  estirr.sls  the  yeerly  dollsr  V2lu8  cf  the  elsclricily 
ihsi  s  Fsrlicular  ^ensrslor  would  iheoreticsil':;  produce  if  it  were  instsiled  at 
ycur  site.  f1ultipi=  the  tctsl  Generator  output  (51>771  Klih)  by  your  local 
utility's  current  electric  rate  (hcnK  if  you  love  puns).  In  this  exsiT.Pie  we 
use  ■5,0625/KL'h  but  ycu  will  have  to  set  the  Bctuai  residential  rate  fror,  your 
local  utility.  ^.0625  >;  j1j771  =  $3«235.69  annual  value?  sonetii:,es  referred  to 
as  "-displsced  cost' »  of  the  electricity  generated  in  this  hypothetical  case, 

?   ^    T*    T*   ^ 

The  value  of  the  displaced  electricity  and  the  cost  of  the  generator  are 
twD  of  the  factors  you  have  to  consider  if  you  want  to  jnaKe  a  realistic 
evaluation  of  the  econoracs  of  wind  electric  generation.  There  are  sany  others? 
cost  of  site  preparation  (land  rental*  road  is.Frovei;ientj  power  line  installation 
and  connection  )j  legal  fees?  charges  for  pcurins  the  foundation  and  erecting  the 
tower »  inspection  fees?  systssi  checKoutj  insurance*  shipping*  isaintenance  and 
always  at  least  one  core  iteR  that  no  one  thought  of.  Belou*  fror.  the  Solar 
Energy  Research  Institute  in  Golden*  Colorado*  is  a  breaKdown  of  the  cost  to  be 
expected  in  a  large  scale  wind  developn.ent; 

Generator  and  Blade  Asser.bly  -  57% 

Tower  and  Site  Access  -  11% 
Fcundaticn/Site  Preparation  -   9% 

LPeraoions/iiointenance  "*  Va 

Asssr„bly/ChecKout  -  8% 

ether  -  4% 

Ec!uip;:,ent  Transportation  -  2% 
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HOU  TO  UNDERSTAND  THIS  DATA 


The  first  dsls  sheet  is  the  "Uind  S?oed  Su-,i:,3ry  (in  flPH )  {.  PsrcenlsSe  Speed 
Prcfile",  This  5ur,i;(Sry  sheet  sives  the  wind  s?eed  recorded  by  the  n.onitoring 
syster,  while  it  was  st  the  site.  The  "UKLY  AVG  SPD"  colui:,n  Sives  the 
sversSe  wind  sFeed  for  esch  weeK  snd  r.cnthr  snd  the  wind  speed  percentage 
SFectriit;i  Sives  the  percent  of  tine  during  thst  ueeK  the  wind  w3s  blowing  in 
s  Fsrticulsr  wind  speed  brscKet,  For  e>;sriple>  consider  the  following  spectruBl 

PERCENT  CF  UEEKLY  UIND  IN  VELOCITY  BRACKETS 
<10  <11  <12  <13  <i4  <16  <18  <20  <22  <24  <26  <28  <30  <32  <34  <36  <38  >38 

32   63401140000000000 

In  this  weeK's  e;;3r,ple»  827:  of  the  tise  the  wind  blew  between  0  snd  10  HPHi 
61   of  the  tii:.e  it  blew  between  10  snd  11  hPHf  5%  of  the  tice  between  11  and  12 


The  'f1esn>  Minibus  and  M3>;in.u!T,  Correlation  Factors  and  Freouency  Percentage 
Spectrum"  suscary  is  the  statistics!  core  of  the  report.  It  gives  the 
correlation  factors  which  corMpsre  the  wind  speeds  at  the  monitoring  site  to 
those  at  the  nearest  NCC  weather  station.  The  right  half  of  the  table  is  a 
"FreQuency  Percentage  Spectrui;.  of  Correlation  Factors"  f  which  shows  the  percent 
cf  correlation  factors  that  fall  into  each  bracKet  of  the  spectruR.  The  smoother 
the  distribution T  the  isore  valid  the  correlation  factors.  There  is  no  percentage 
spsctrur.f  or  tinimu::.  or  r.a>;ir,u!:i  correlation  factor  for  each  reading  period  since 
only  one  correlation  factor  is  generated  given  _the  nature  of  the  data  stored  by 
a  ccit.pi later.  Since  only  one  value  is  generated  a  spectrus.  distribution  and 
ff.inir^Um  or  msxiEum  values  have  no  meaning. 

These  correlation  factors  express  the  wind  speed  at  the  site  as  a  percent 
of  the  wind  speed  recorded  at  the  sase  time  at  the  NCC  weather  station.  For 
example:  if  the  site  wind  speed  is  5  mph  and  the  NCC  weather  station  wind  speed 
is  10  mphf  the  correlation  factor  for  thst  instant  is  5/10  =  ,50i  i.e.f 
the  site  wind  speed  is  50/:  of  the  wind  at  the  NCC  station.  If  the  wind  speeds 
are  reversed?  the  correlation  factor  is  10/5  =  2,  If  the  wind  speeds  at  the 
site  snd  the  NCC  station  are  ecaualr  the  correlstion  factor  is  1.00. 

Ne>;tT  there  sre  three  sheets  titled»  "ncnthly  snd  Yearly  Average  Wind  Power 
Density  In  Uatts/Sc.  fleter".  The  first  one  gives  the  average  ("Mean  Uind  Year"  )» 
the  next  gives  the  lowest  (-Minimum  Uind  Year")  and  the  third  gives  the  highest 
< "Maximum  Uind  Year")  uind  power  density  liKely  to  occur  at  the  sits  over  a  ten- 
year  period.  If  a  site  owner  is  considering  installing  a  wind  generator >  these 
sheets  give  an  idea  of  how  the  generator  output  can  be  expected  to  vary  as  the 
wind  power  density  varies  from  year  to  year. 

Finally,  there  are  three  summaries  titled?  "Monthly  and  Yesrly  Average  Uind 
Speed  (MPH)  and  Percentage  Speed  Profile."  LiKe  the  three  preceeding  summaries* 
these  slso  deal  with  the  mean»  minimum  snd  maximum  wind  years.  But  these 
estimate  wind  speed  averages  liKely  to  occur  st  the  site  snd  arrange  them  by 
percentage  into  velocity  brscKets.  To  interpret  the  velocity  bracKetSf  see  the 
description  above  cf  the  "Uind  Speed  Summary  and  Percentage  Speed  Profile". 

The  Data  Use  section  of  this  report  contains  directions  for  using  these 
summsries  to  estimate  the  monthly  snd  yearly  output  of  a  wind  generator 
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cr-erstin^  si   s  heishl  of  10  -.elers  (33  feel)  under  the  ssce  conditions  as  those 
found  bI   the  site.  Since  r.csl  senarslor  lowers  are  tsller  than  10  nelers  and 
since  uind  speed  and?  Ihereforer  uind  power  increase  as  the  height  above  the 
surface  increases?  it  fellows  that  an  estimate  based  on  this  data  and  usin3  this 
n.ethcd  will  be  a  conservative  one. 


WIND  SPEED  SUMMARY  (IN  MPH)  {.  PERCENTAGE  SPEED  PROFILE 


LOCATION':  LAMBERT 
STARTING  time:   1700  HOURS 
STARTING  date:   7/19/31 


TOUER  height:   10  METERS 


UEEK    UKLY  WQ   SPD  PERCENT  OF  UEEKLY  14IND  IN  VELOCITY  BRACKETS 

ENDING    MPH  /  DAY     <10  <11  <12  <13  <U  <16  <1S  <20  <22  <24  <26  <23  <30  <32  <34  <36  <38  >3S 


7/25 

8.9 

65 

11 

8 

5 

3 

6 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

JUL 

9.5 

58 

11 

6 

6 

5 

3 

3 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8/  1 

10.7 

49 

10 

5 

7 

6 

11 

7 

4 

0 

0 

1 

0 

0 

0 

0 

0 

0 

8/  8 

9.0 

63 

8 

10 

5 

3 

4 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

3/  9 

*  8.1 

73 

6 

17 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

AUG 

9.4 

61 

8 

6 

8 

4 

3 

6 

1 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9/12 

9.0 

64 

6 

3 

5 

5 

8 

5 

3 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

9/19 

9.0 

59 

9 

8 

10 

5 

5 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

9/26 

1  i.  *  *J 

40 

n 

4 

8 

5 

10 

9 

7 

5 

6 

3 

1 

0 

1 

0 

0 

0 

0 

SEP 

10.2 

54 

6 

5 

7 

5 

7 

4 

3 

2 

'7 

1 

1 

0 

1 

1 

0 

0 

0 

10/  3 

9.3 

67 

3 

5 

3 

4 

4 

4 

1 

1 

1 

0 

1 

0 

1 

2 

1 

0 

0 

10/  4 

*  3.7 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10/  6 

7.0 

71 

I 

11 

4 

0 

0 

4 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10/13 

14.3 

.   24 

-    5 

8 

7 

10 

13 

9 

6 

7 

4 

2 

3 

1 

1 

0 

0 

0 

10/20 

12.3 

35 

5 

6 

/' 

10 

13 

8 

4 

5 

1 
^ 

1 

0 

0 

0 

0 

d 

10/22 

*11.3 

43 

-3 

-11 

3 

9 

9 

6 

6 

9 

3 

0 

0 

0 

0 

0 

0 

0 

0 

OCT 

11.4 

43 

5 

/ 

5 

8 

10 

7 

4 

5 

*> 

i 

1 

1 

0 

0 

0 

0 

c- 

note:  *  INDICATES  THAT  A  WEEKLY  AVERAGE  IS  FOR  FEWER  THAN  7  DAYS. 


WEEKLY  AND  MONTHLY  AVERAGE  UIND  FOUER  DENSITY 


location:   LAMBERT 
STARTING  time:   1700  HOURS 
STARTING  date:   7/19/31 

UEK  ENDING  AVG  UIND  SPEED 
(  «PH ) 


TOUER  height:   10  METERS 


3/  1 
3/  S 
3/  9 


10.7 

9.0 

*  8.1 


a'v'g  pressure 

(HBS) 


AUG  TEMPERATURE 
(DEGREES  F) 


AUG  UIND  FOliER  DENSITY 
(UATTS/SQ.  METER) 


7/25 

8.9 

49 

JUL 

9.5 

946,3 

73.8 

64 

95 
62 
33 


AUG 


9.4 


943.5 


74.3 


9/12 
9/19 
9/26 


9.0 

9.0 

12.5 


77 

72 

189 


SEP 


10.2 


949.2 


61.8 


i: 


10/  3 
10/  4 
10/  6 
10/13 
10/20 
10/22 


9.3 

*  3.7 

7.0 

14.3 

12,3 

*11.3 


130 
4 
43 
256 
178 
143 


OCT 


11.4 


945. J 


45.4 


170 


note:  *  INDICATES  THAT  A  UEEKLY  AVERAGE  IS  FOR  FEUER  THAN  7  DAYS. 
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UIND  SPEED  SUMMARY  (IN  MPH)  AND  PERCENTAGE  SPECTRUM 


location:  LAMBERT  TOUER  HEIGHT:   10  METERS 

STARTING  time:   1700  HOURS 
STARTING  date:   7/19/81 


PERCENTAGE  WIND  SPEED  PROFILE 
DATE    AUG  UIND  SPD  <10  <11  <12  <13  <14  <16  <18  <20  <22  <2A   <26  <2S  <30  <32  <34  <36  <38  >3fi 


19 

*12.0 

7  HRS 

29 

0 

43 

0 

0 

14 

0 

0 

0 

14 

0 

0 

0 

0 

0 

0 

0 

0 

20 

6.7 

75 

17 

0 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

21 

T  1 

38 

3 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

22 

3.4 

75 

17 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

23 

6.5 

96 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

24 

9.7 

54 

8 

o 

13 

4 

8 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25 

12.2 

13 

13 

21 

17 

13 

25 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

UKLY  AVG=>  8.9         65  11   8   5   3   6   1   0   0   1 


26  10,3         50  21   4   4   0  17 

27  11,2 


28  11.9 

29  3.0 

30  11.6 

31  3.2 


33 

4 

0 

0 

29 

25 

4 
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0 

0 

0 

0 

0 

0 

0 

0 

25 

21 

13 

13 

3 

17 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

67 

13 

4 

13 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50 

0 

0 

4 

4 

8 

13 

17 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

75 

8 

8 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

JUL      9.5         58  11   6   6   5   8   3   1   ( 

note:  *  INDICATES -THAT  A  DAILY  AVERAGE  IS  FOR  FEUER 

THAN  24  HOURS.   THE  TOTAL  NUMBER  OF  HOURS  IS  GIVEN, 
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STARTING  time:   0000  HOURS 

STARTING  date:   3/  1/81 

PERCENTAGE  UIND  SPEED  PROFILE 
DATE    A'v'G  UIND  SPD  <10  <11  <12  <13  <i4  <16  <18  <20  <22  <24  <26  <28  <30  <32  <34  <Z6   <33  >38 
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UKL.Y  A'v'G=:; 

10,7 

49 

10 

5 

7 
/ 

6 
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0 

0 

0 

2 
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8 
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13 

3 

0 
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0 
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0 

0 

0 

0 

0 
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0 

0 

3 

6.1 

92 

4 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A 

o  o 

u  .  u 

79 

8 

0 

0 

0 

0 

4 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

b 

10,7 

50 

8 

4 

3 

13 

4 

4 

0 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

6 

10.0 

42 

13 

13 

25 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

10.7 

46 

4 

13 

0 

4 

13 

21 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

S 

7.7 

63 

13 

4 

17 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

UKLY  AVG=> 

■  9.0 

63 

8 

5 

10 

5 

3 

4 

0 

n 

1 

c 

0 

0 

0 

0 

0 

0 

0 

? 

*  8.1  13  HR3 

78 

6 

17 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

NO  DATA 

11 

NO  DATA 

12 

NO  DATA 

13 

NO  DATA 

U 

NO  DATA 

■ 

15 

NO  DATA 

UKLY  AVG=> 

8,1 

78 

6 

17 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

AUG      9.4         61   3   6   3   4   3   6   1   ; 

note:  *  INDICATES  THAT  A  DAILY  AVERAGE  IS  FOR  FEUER 

THAN  24  HOURS.  THE  TOTAL  NUMBER  OF  HOURS  IS  GIVEN. 


PAGE  3 

STARTING  time:   1400  HOURS 

STARTING  date:   9/  6/31 

PERCENTAGE  UIND  SPEED  PROFILE 
DATE    AUG  UINIi  SPD  <10  <11  <12  <13  <14  <16  <ia  <20  <22  <24  <26  <28  <30  <32  <34  <36  <38  >33 


6 

*10.0  10  HRS 

50 

10 

20 

10 

0 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

10.6 

46 

8 

4 

0 

4 

17 

21 

0 

0 

0 

0 

0 

c 

0 

0 

0 

0 

0 

8 

T  7 
/  •  / 

63 

0 

0 

3 

3 

21 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

8.6 

63 

8 

0 

8 

13 

3 

0 

0 

0 

0 

0 

0 

c 

0 

0 

0 

0 

c 

10 

7.1 

83 

4 

0 

0 

4 

0 

4 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11 

10.7 

54 

8 

4 

0 

0 

0 

4 

17 

0 

3 

4 

0 

0 

0 

c 

0 

0 

0 

12 

8.2 

79 

4 

4 

3 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

0 

0 

liKLY  AUG=: 

>  9.0 

64 

6 

3 

5 

5 

3 

5 

3 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

13 

9.3 

53 

0 

0 

17 

13 

13 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

14 

14.0 

0 

4 

29 

29 

21 

4 

0 

0 

4 

0 

4 

0 

4 

0 

0 

0 

0 

0 

15 

10.0 

63 

4 

4 

3 

0 

8 

0 

4 

0 

4 

0 

4 

0 

0 

0 

0 

0 

0 

16 

6.8 

79 

21 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

17 

9.8 

46 

25 

17 

8 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

la 

7.3 

71 

4 

3 

4 

4 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1? 

5.0 

96 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

UKLY  AVG=; 

/     7  ♦  V 

59 

9 

o 

u 

10 

5 

5 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

20 

13.6 

33 

0 

0 

13 

3 

13 

4 

25 

0 

4 

0 

0 

0 

0 

c 

0 

0 

0 

21 

9.6 

63 

0 

4 

4 

0 

4 

4 

0 

4 

4 

8 

4 

0 

0 

0 

0 

0 

0 

22 

12.2 

33 

4 

0 

4 

8 

8 

29 

13 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

23 

7.9 

75 

4 

4 

0 

4 

4 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

e 

-  -24 

8.5 

67 

4 

0 

4 

4 

13 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25 

16.2 

0 

0 

21 

25 

4 

17 

4 

0 

4 

17 

a 

0 

0 

0 

0 

0 

0 

0 

.  26 

19.2 

S 

0 

0 

4 

3 

o 

4 

13 

25 

17 

4 

4 

0 

4 

0 

0 

0 

e 

UKLY  AVG=>   12,5  40       2       4       8       5     10 


27 

16.6 

42 

4 

4 

8 

4 

0 

0 

0 

0 

4 

0 

4 

0 

13 

13 

4 

0 

0 

23 

12.3 

17 

17 

8 

8 

17 

17 

13 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

29 

6.2 

83 

8 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

30 

6.4 

83 

13 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

SEP  10.2  54       6575743: 

note:  *  INDICATES  THAT  A  DAILY  AVERAGE  IS  FOR  FEUER 

THAN  24  HOURS.  THE  TOTAL  NUMBER  OF  HOURS  IS  GIVEN, 


PAGE  4 

STARTING  Tlr-.E:  OOCC  HOURS 

STARTING  date:   10/  1/31 


DATE 


PERCENTAGE  UIND  SPEED  PROFILE 
AVG  UIMD  SPD  <10  <11  <12  <13  <14  <16  <18  <20  <22  <24  <26  <29  <30  <32  <34  <36  <33  >33 


1 

n 


A 

*  3.7 

5 

NO  D 

5 

*  6.4 

6 

7.6 

UKLY  AVG= 

=>  5.9 

7 

U.6 

S 

12.7 

9 

U.2 

10 

6.2 

11 

U.7 

12 

18.1 

13 

19.5 

67 

75 

100 

0 

13 

0 

0 

13 

0 

i 

-I 

0 
0 

4 
0 
0 

9 
0 
0 

13 
0 
0 

i 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

.0 

0 
0 
0 

0 
0 
0 

c 

0 
0 

0 
0 
0 

0 
0 
0 

67 

3 

5 

3 

4 

4 

4 

1 

1 

1 

0 

1 

0 

n 

1 

0 

0 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

100 
67 

0 
o 

u 

0 
13 

0 

4 

0 
0 

0 
0 

0 

4 

0 
0 

0 
4 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Si 

0 

0 
0 

30 


0   0 


4 

0 

8 

21 

21 

21 

4 

13 

3 

0 

0 

0 

0 

0 

C 

0 

0 

0 

33 

13 

8 

4 

4 

17 

0 

0 

3 

4 

4 

0 

4 

0 

0 

0 

0 

0 

21 

3 

13 

4 

13 

3 

13 

3 

4 

0 

4 

4 

0 

0 

0 

0 

0 

0 

33 

4 

0 

0 

4 

0 

0 

0 

4 

0 

0 

IS 

0 

0 

0 

0 

0 

0 

3 

3 

8 

8 

13 

17 

25 

4 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

8 

0 

8 

13 

17 

13 

8 

3 

8 

4 

4 

0 

0 

0 

0 

0 

3 

0 

3 

3 

8 

13 

4 

4 

8 

3 

0 

4 

13 

4 

8 

0 

0 

0 

UKLY  AVG=>  14.3 


24 


8   7  10  13 


1   1 


14 

8.1 

67 

4 

0 

3 

3 

13 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15 

9.7 

42 

17 

o 

13 

8 

8 

-r 

0 

0 

0 

0 

-  0- 

0 

0 

0 

0 

0 

0 

16 

7.0 

71 

0 

8 

4 

8 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

17 

19.7 

0 

0 

4 

0 

0 

25 

17 

13 

13 

4 

0 

17 

3 

0 

0 

0 

0 

0 

18 

11.6 

33 

13 

4 

4 

13 

25 

4 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

19 

13,7 

29 

0 

13 

17 

0 

0 

17 

4 

17 

0 

4 

0 

0 

0 

0 

0 

0 

0 

20 

16.6 

4 

4 

4 

0 

29 

13 

13 

3 

4 

13 

3 

0 

0 

0 

0 

0 

0 

0 

Y  AVG= 

:>  12.3 

35 

5 

6 

7 

10 

13 

8 

4 

5 

1 

o 

^ 

1 

1 

0 

0 

0 

0 

0 

21 

12.7 

42 

4 

13 

0 

3 

0 

3 

8 

13 

4 

0 

0 

0 

0 

0 

0 

0 

0 

22 

*  9.8  11  HRS 

45 

0 

o 

9 

9 

->-! 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

23 

NO  DATA 

24 

NO  DATA 

25 

NO  DATA 

26 

NO  DATA 

" 

27 

NO  DATA 

UKLY  AVG=>  11.3 


43   3  11 


OCT 


11.4 


8  10 


1   1 


note:  *  INDICATES  THAT  A  DAILY  AVERAGE  IS  FOR  FEUER 

THAN  24  HOURS.  THE  TOTAL  NUMBER  OF  HOURS  IS  GI'JEN. 


f.EMh   MINIHUH  AND  MAXIHUH  CORRELATION  FACTORS  AND  FREQUENCY  PERCENTAGE  SPECTRUH 

location:      LAMBERT  NCC  UEATHER  STATION  LOCATION:   UILLISTON 

DN'RC    TOWER  HEIGHT:      10.0  METERS 
NCC   TCyER   height:  6.1   METERS 

STARTING   time:      1700  HOURS 
STARTING   date:        7/19/81 

(1.0  =  PERFECT  SITE/UEATHER  STATION  CORRELATION) 
UEEK         <-C0RRELATI0N     FACT0RS->  FREQUENCY  PERCENTAGE  SPECTRUH  OF  C.F.'S 

ENDING       MEAN       MINIMUM       MAXIMUM         <.3     <.6     <.9   <1.2  <1.5  <1,8  <2.1   <2.4   <2.7  <3.0  >3.0 


7/25 

1.15 

0.79 

1.57 

0 

0 

29 

29 

29 

14 

0 

0 

0 

0 

0 

JUL 

1.17 

0.79 

1.57 

0 

0 

23 

46 

8 

0 

0 

0 

0 

0 

3/  1 

1.20 

0.34 

1.44 

0 

0 

14 

14 

71 

0 

0 

0 

0 

0 

0 

8/  S 

1.13 

0.83 

1.53 

0 

0 

14 

57 

14 

14 

0 

0 

0 

0 

0 

8/  9 

*0.91 

0.91 

0.91 

0 

0 

0 

100 

0 

0 

0 

0 

0 

0 

0 

AUG 

1.12 

0.33 

1.53 

0 

0 

11 

56 

22 

11 

0 

0 

0 

0 

0 

9/12 

1.19 

0.60 

1.57 

0 

14 

0 

14 

57 

14 

0 

0 

0 

0 

0 

9/19 

1.11 

0.90 

1.51 

0 

0 

0 

71 

0 

29 

0 

0 

0 

0 

0 

9/26 

1.29 

1.00 

1.53 

0 

0 

0 

29 

57 

14 

0 

0 

0 

0 

0 

SEP 

1.21 

0.60 

1.76 

0 

4 

8 

32 

32 

24 

0 

0 

0 

0 

0 

10/  3 

0.99 

0.29 

1.76 

14 

0 

43 

14 

0 

29 

0 

0 

0 

0 

0 

10/  4 

*0.43 

0.43 

0.43 

0 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10/  6 

0.76 

0.76 

0.76 

0 

0 

100 

0 

0 

0 

0 

0 

0 

0 

0 

10/13 

1.24 

0.62 

1.71 

0 

0 

14 

29 

29 

29 

0 

0 

0 

0 

0 

10/20 

0.96 

0.4S 

1.23 

0 

14 

0 

71 

14 

0 

0 

0 

0 

0 

0 

10/22 

*0.88 

0.72 

1.05 

0 

0 

50 

50 

0 

0 

0 

0 

0 

0 

0 

OCT 

0.97 

0.29 

1.71 

5 

10 

10 

43 

14 

10 

0 

0 

0 

0 

0 

study 

PERIOD   1.11    0.29      1.76       14   15   37   23   15 
note:  *  INDICATES  THAT  A  UEEKLY  AVERAGE  IS  FOR  FEUER  THAN  7  DAYS. 


MONTHLY  AMD  YEARLY  AVERAGE  UIND  POUER  DENSITY  IN  UATTS/SQ.  METER 

MEAN  UIHD  YEAR 

SITE  location:  LAMBERT  NCC  UEATHER  STATION  LOCATION:  UILLISTON 

STARTING  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/75 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  1.11 
PROJECTED  UIND  SPBS  AT  10  METER  ELEyATIGN 

MONTH  AVG  UIND  SPEED     AVG  PRESSURE       AVG  TEMPERATURE     AVG  liIND  POUER  DENSITY 
(MPH)  (MBS)  (F)  (U/M2) 


JAN 

11.1 

?44.5 

12.0 

224 

FEB 

13.6 

947.5 

12.3 

242 

MAR 

U.l 

945.1 

21,9 

310 

APR 

13.3 

945.5 

34.7 

287 

MAY 

1  T  T 

944.1 

52.9 

275 

JUN 

13.0 

942.4 

62.1 

214 

JUL 

10.7 

945.5 

73.0 

134 

AUG 

12.7 

946.2 

OO  »  y^ 

197 

SEP 

13.0 

949.9 

55.0 

271 

OCT 

12.1 

944.5 

44.4 

192 

NOV 

10.7 

947.2 

28.4 

139 

DEC 

11.6 

947.5 

15.7 

236 

YEARLY  average: 
1975     12.5 


MONTHLY  AND  YEARLY  AVERAGE  UIND  POUER  DENSITY  IN  UATTS/SO.  METER 

MINIMUM  UIND  YEAR 


SITE  location:  LAMBERT  NCC  UEATHER  STATICH  LOCATION:  UILLISTON 

STARTING  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/79 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  l.U 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 


MONTH 

AVG  UIND  SPEED 

AUG  PRESSURE 

AVG  TEMPERATURE 

AVG  UIND  POUER  DENSITY 

(MPH) 

( MBS ) 

<F) 

( U/M2 ) 

JAN 

11.6 

950.9 

-2,2 

221 

FEB 

12.3 

949.5 

1.7 

261 

MAR 

13.2 

947.2 

23.0 

327 

APR 

13.5 

945. S 

34,6 

226 

MAY 

13.2 

TtO  ♦O 

49.2 

240 

JUN 

12.2 

945.8 

65.0 

189 

JUL 

9.8 

947.2 

70.3 

110 

AUG 

10.3 

946.5 

66.9 

120 

SEP 

11.3 

946.3 

61.1 

147 

OCT 

12.3 

945.1 

46.7 

224 

NOV 

3.9 

943. 9 

25.1 

113 

DEC 

9.3 

946.5 

23.8 

18? 

YEARLY  average: 
1979     11.6  .196 


MONTHLY  AND  YEARLY  AVERAGE  WIND  POUER  DENSITY  IN  UATTS/SQ.  METER 

MAXIHUH  UIND  YEAR 

SITE  location:  LAMBERT  NCC  UEATHER  STATION  LOCATION:  UILLISTON 

STARTING  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/73 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  1.11 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 

MONTH  AUG  UIND  SPEED     AUG  PRESSURE       AUG  TEMPERATURE     AUG  WIND  POUER  DENSITY 
(MPH)  (MBS)  (F)  (U/M2) 


JAN 

11.0 

954.3 

-2.5 

191 

FEB 

U.l 

952,6 

7.7 

335 

MAR 

11.7 

947.5 

T7  q 

139 

APR 

1  i  'i 

945.1 

43.0 

460 

MAY 

13.5 

943.4 

1^7  T 

244 

J'JN 

10. S 

945.1 

63.8 

139 

JUL 

12.4 

946.2 

63.6 

134 

AUG 

12.1 

.  945.1 

67.5 

1  ■'o 

SEP 

13.2 

943.8 

60.2 

274 

OCT 

U.2 

947.5 

46.4 

346 

NOV 

11.9 

949.9 

20,3 

DEC 

15.1 

945.1 

8.3 

442 

YEARLY  average: 
1  070       1"?  r> 


MONTHLY  5,  YEARLY  AVG  UIND  SPD  ( HPH )  AND  PERCENTAGE  SPEED  PROFILE 

MEAN  UIND  YEAR 

SITE  location:  LAMBERT  NCC  UEATHER  STATION  LOCATION:  UILLISTGN 

STARTING  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/75 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  1.11 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 

WQ  PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 

MONTH  SPEED    <10  <11  <12  <13  <U  <16  <18  <20  <22  <24  <26  <2S  <30  <32  <34  <36  <33  -ao  >40 


JAN 

11.1 

50 

0 

7 

3 

0 

11 

6 

4 

3 

7 

1 

0 

1 

1 

2 

0 

0 

0 

0 

FEB 

13.6 

30 

0 

9 

5 

0 

IS 

8 

14 

3 

3 

1 

0 

1 

0 

0 

0 

0 

0 

KftR 

14.1 

32 

0 

7 

6 

0 

15 

5 

13 

8 

3 

3 

1 

3 

0 

n 

0 

1 

0 

0 

APR 

13.3 

32 

0 

9 

1 

^ 

0 

20 

7 

10 

6 

4 

0 

3 

0 

1 

1 

1 

0 

0 

MAY 

13.7 

35 

0 

■7 
/ 

7 

0 

15 

7 

6 

7 

6 

3 

1 

4 

0 

1 

0 

0 

0 

0 

JUN 

13.0 

33 

0 

11 

4 

0 

16 

10 

10 

5 

5 

3 

1 

n 

1 

0 

0 

0 

0 

0 

JUL 

10.7 

38 

C 

14 

6 

0 

16 

8 
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APPENDIX  I 
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APFEK'DIX  III 

UIND  SITE  DEUELOPtiENT  GUIDE 
Prepared  by  Gundsrson  Consullins  Service 
525  E.  Iisvisf  Bozeri5n»  HT  Tel:  406/536-3502 

I.  Prelirdnsry  Fessibilily  Study — Coslt  $0 

1.  Obtain  locsl  weslher  dsla — n;onlhly  J.  yearly  average  wind  speeds. 

2.  Review  your  electric  bills?  fisure  your  risxipjuitj  niininuiri  and  everase  r.onthly 
electric  loads.  The  longer  the  period  you  review?  the  better. 

3.  Deterndne  what  conservation  niessures  could  reduce  your  electric  load. 

4.  Read  3II  the  wind  seneration  literature  you  can  find. 

5.  LooK  your  property  over  and  PicK  the  most  liKely  potential  wind  sites. 
As  3  rule  of  thur,b»  3  site  that  has  a  wind  power  density  of  over  2C0 
watts  per  souare  n.eter  and  has  s  HINIHUM  averase  wind  speed  of  12  HPH 
durins  at  least  six  nsonths  a  year  can  be  considered  for  developrient. 

6.  Start  to  thinK  about  how  n^uch  of  your  electric  load  you  can  elipiinate 
by  conservation  and  how  ii^uch  you  want  to  generate  with  wind  power. 
Decide  how  n.uch  of  your  tiLe  you  can  devote  to  developing  &  using  the 
wind  resource  on  your  property.  Try  to  iriSgine  how  a  wind  installation 
eisht  affect  your  and  your  neighbors'  property. 

7.  Set  a  ceiling  in  dollars  on  the  ar.ount  you  are  willing  to  invest  in 
wind  generation . 

8.  Contact  your  utility  cor.pany  and  obtain  their  policies  and  procedures  for 
connecting  a  wind  generator  to  their  transcrission  systen.  Find  out  how 
5uch  they  will  pay  ycu  for  electricity  you  generate. 

9.  Cultivate  the  habit  of  Keeping  detailed  records  and  files. 

II.  Final  Feasibility  Study—Ccsf.  $0  -  *3»000 

1 »  As  3  rule  of  thu^bf  a  wind  site  is  a  good  prospect  for  developnient  if 
it  hss  3  wind  power  density  of  over  200  watts  per  SQuare  neter  and  has 
an  average  wind  speed  of  no  less  than  12  MPH  for  at  least  six  nonths  per 
yesr.  To  decide  whether  or  not  your  wind  resource  warrants  investn,ent>  ycu 
eay  need  a  wind  resource  study  to  n.easure  the  wind  speed  end  direction 
3t  your  site.  This  will  depend  on  two  factors! 

a)  the  availability  and  ouality  of  existing  wind  speed  end  direction  dsts 
fror.  3  nearby  source?  such  as  a  National  Weather  Service  Station?  end 

b)  the  total  an^ount  of  your  proposed  investment. 

i)    $0  -  $5»000  S  no  financing.  Sone  generator  dealers  will 

perform  a  3-month  wind  speed  study  at  a  client's  site?  others 
rely  on  existing  data  from  3  nearby  site  such  as  a  National 
Ueather  Service  station.  Costt  $0 
ii  )   $j?000  -  $10?000  with  partial  financing.  The  lending  institu- 
tion may  want  to  see  the  results  of  a  6-rionth  wind  study  before 
approving  a  loan.  You?  too?  should  want  a  study  of  your  wind 
resource  before  borrowing  Bioney.  Some  generator  dealers 
perform  such  studies  for  their  clients?  private  consultants 
'  do  wind  resource  studies  without  consideration  of  a  particu- 

lar wind  generator.  Cost  $0  -  $2?500. 
iii  )  More  than  $1C?000  with  maJor  financing.  An  investment  of  this 
size  requires  an  independent?  long-tern  wind  resource  study. 
Costt  around  $  3?000  depending  on  tern  end  number  of  sites. 
2.  Contact  one  or  more  wind  generator  dealers?  the  State  energy  office  end  a 
private  consultant?  tell  them  your  investment  ceiling  and  ask  for  their 
estir.ate  of  the  cost  of  various  sized  wind  generators  and  the  Quantity 
of  electricity  those  generators  could  be  expected  to  produce  under  the 
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wind  3nd  lerr.F.er3lure  reSir.e  si  your  site.  Get  sll  the  wind  Senerstor 
brochures?  dsts  sheets  snd  specif icstions  you  possibly  can. 

3.  LooK  over  the  infcrr;stior.  ycu  hsye  coUectedj  and?  if  you  still  usnt 
to  develc?  your  wind  resourcer  select  the  syster.  which  fsUs  belcu 
your  investment  ceilinsr  lesves  rocr,  for  sll  the  other  costs  end 
seeiTS  rost  liKely  to  produce  the  or.ount  of  electricity  you  thinK  you 
should  set  under  the  conditions  st  your  site. 

4,  Contact  3  dealer  of  the  mschine  you  hsve  selected.   If  the  dealer 
ICnous  you  sre  a  serious  customer »  they  should  be  willing  to 
furnish  you  the  foUouinS  inforBstion  t 

s)  An  estir.ate  of  the  r.onthly  Riininunf  maxiriuri  snd  average  electric 
output  ycu  could  e;:pect  fron  the  generator  under  conditions 
described  by  the  dats  fron  your  site. 

b)  An  estin.cte  of  sll  installstionr  connection  snd  eiaintenance 
costsf  and  an  econordc  analysis  showing  the  sssusptions  nade  snd 

the  estir.ated  payhacK  period  for  this  generator  under  your  conditions. 

c)  Complete  warranty  inforn.ation. 

d)CoriPlete  inforn-ation  for  utiltiy/hone  electric  interface  connection. 

e)  Maintenance  schedules  snd  their  costs. 

f  )  A  S3r,ple  of  the  dealer's  contract  forD  or  fornis  to  cover  instsllaticnf 

electrical  interface  snd  systeri  startup, 
g)  A  list  of  customers  who  hsve  used  the  generator  nodel  you  are 

IcoKing  st  for  at  least  1  year  in  s  clinate  siPiilisr  to  your  site, 
h)  A  description  of  the  dealer's  experience  with  the  particular 

generator.  A  short  history  of  the  manufacturer  is  slso  nice  to  have. 

N'o  dealer  will  be  willing  to  furnish  sll  this  inforristion  until  they 
Know  you  sre  seriously  interested  in  s  generator.  But  the  dealer's  first 
resp-cnse  to  ycu  is  s  good  indicstion  of  their  relisbility  and  of  the 
the  Quality  of  their  products  The  Riore  contact  you  have  with  the  dealer f 
the  B.ore  of  this  information  ycu  will  receive.  If  inforrjstion  sser.s  too 
hsrd  to  set*  you  should  consider  finding  another  dealer.  You  should 
expect  lo  have  sll  your  Questions  answered  to  your  satisfaction. 

III.  Installslionf  Operation  J,  Maintenance. 
At  this  pointf  ssK  yourself  if  you  still  usnt  to  invest  in  your  wind  site. 
If  you  do  not  feel  satisfied  about  your  wind  prospect  at  this  point» 
you  would  be  better  off  to  write  off  all  your  worK  to  dste  (and  Doney  as 
well>  if  you've  had  a  wind  resource  study)  than  to  spend  $10  -  100  thousand 
sere  for  a  wind  machine  that  does  not  generate  the  electricity  your  invest- 
nenl  depends  on.  Rer.erber  that  you  can  write  off  a  business  loss  Just  as 
easily  ss  you  can  taKe  s  Isx  credit  for  a  renewable  energy  investrient. 
And  finally^  reir.ind  yourself  that  no  generator  can  improve  the  wind  at  your 
site. 

If  you  decide  lo  proceed  with  your  inveslRienl  plans?  the  first  step  is  to 
follow  through  on  the  conservation  fteasures  you  identified  at  the  beginning 
of  ycur  feasibility  study. 

Thenf  here»  in  general*  sre  the  steps  to  getting  those  first  Kilowatts  flowing; 

1  )  If  you  plsn  to  intertie  with  the  utility  syster.f  negotiate  a  buy-becK 

contract  with  your  utility  con.psny.  You  will  have  to  have  their 
Bpp-roval  of  the  electrical  interconnect  your  dealer  plans  to  use 
snd  you  n.ay  hsve  to  r»eet  their  insurance  reouirerents. 

2  )  Fron  your  city/county  planning  end  zoning  departr.ents  obtain  whatever 

instsUstion  perr-its  or  licenses  they  reauire. 
3)  Gel  your  insurance  ssent's  advice  on  what  Kinds  of  insurance  your 
instslistion  will  need  and  order  it. 
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A)  Gel   loseLher   with  your   dealer   and  Frepsre   3  finsl   econordc    analysis.   Con- 
sidering ALL   costsr   calculate   Ihe   PsybecK   period.    If   the   lolsl   cost  and 
snd   IY\B   paybccK   period  still   suit  ycu>    then  you   Knou  your    investrent   is  a? 
solid  3?.  you   can   R.aKe   it. 

5)  Consider  having   les'al   review  of   the  contract  your   dealer   offers^    then 
negotiate   it  with  your   dealer.   This   is   also  s  Sood   tirie   to  negotiate 
3  r.aintenance  contract. 

6  )  ftfler  your   Generator   is   installed  and  operatinSr   have  your   dealer   cr   an 
independent  consultant  Pionitor   ths  wind  speed  st  your   generator   site  for 
3-6  conths   so  you   can   cor^pare   the  wind  power  potential   during   the  period 
with  the  output  fron  your   generator   durins   the   sarie   period   to  deterriine 
whether   your   generator   is  perforning  according   to  your   e>;pect3tiGns 
and   the   Ranufacturer's   specifications. 

7)  HaKe  sure  that  the  j;ainten3nce  schedule  is  followed  and  repairs 
are   itade   whenever   they  are  needed. 
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Description  of  Eouip»enL 

The  wind  dala  in  this  report  ues  fathered  by  DNRC  s  cofcf-ilstor  syster,  3t 
the  Dsn  HecKford  place  near  Power f  Montana  fros  June  20»  19B1  to  October  18f 
1981. 

Natural  Pouer  Inc.»  Neu  Bostonf  Mew  H3»P5hire»  aanufactured  the  coEi«'ilator 
and  sensors  in  the  suste*  which  includes^  a  Series  A30  low-tepjperature  data 
coiiPilator  <  "Coiipilator  I")?  a  sodel  A75-104  four-Pole  cup  anenionieter?  a 
12-volt  wet  cell  autoBobile  battery*  and  the  cables  needed  to  connect  the 
sensor  to  the  Co»Pil3tor»  the  Coapilator  to  the  battery  and  the  entire  systet:  to 
a  SroundinS  staKe.  CoB.pletins  the  systea  were  an  instrument  shelter  and  a 
10-»eter  tower  with  aountinS  bracKetf  guy  wires  and  stakes. 

The  operating  specifications  for  the  iiodel  A7j-301  direction  senscr  sre*. 
Temperature  ranaeJ  -55  to  170  degrees  F 
Resolution t  A5  degrees 
MsxinuBt  wind  speedt  150  MPH 

The  operating  specifications  for  the  iiodel  A75-104  aneooteter  aret 
Wind  velocity  range:  3-150  MPH 
Teiiperature  range  -60  to  200  degrees  F. 

The  operating  specifications  for  the  Series  A30  CoEiPiletor  I  aret 
Temperature  range!  -40  to  70  degrees  C. 
Recorder  accuracy!  +  or  -  IX 
CoBPilator  clock!  +  or  -  15  ftinutes/aionth 
Response  tike!  1  second 

The  CofcPilator  I  separates  wind  speeds  of  0  to  62  MPH  into  thirty-one 
discrete  increiients  of  2  MPH  each  (speeds  of  62  MPH  or  Biore  are  grouped  together 
into  the  thirty-second  increaent)  then  counts  and  stores  the  nusiber  of  seconds 
the  wind  speed  is  blowing  in  each  increaent.  Periodically/  the  site  owner 
copies  the  stored  information  froni  a  digital  dis^lea  in  the  front  Panel  onto  a 
data  log  snd  erases  the  compilator  kCKory  so  it  can  accu&ulate  fresh  data. 

The  lower  was  3  lO-neter  Radio  ShscK  telescoping  TV  antenna  bssI  asde  of 
galvanized  steel  and  guyed  by  eight  cables  in  a  25'  radius.   It  is  rated  to 
withstand  winds  up  to  150  MPH. 

The  insulated  wooden  instrument  shelter  located  at  the  base  of  the  iouer 
housed  the  recorder  and  battery  in  side-by-side  coBPartcents.  The  sbstec.  uas 
grounded  by  a  wire  fro»  the  recorder  to  a  four-foot  galvanized  stake  driven  into 
the  ground  next  to  the  shelter. 
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Monitoring  Method 

On  January  19f  1931f  under  contract  with  DNRCr  Gunderson  Consulting 
installed  DNRC's  conipiiator  system  at  the  Dsn  Heckford  place  scuthesst  of  Pouer? 
Montana  (mailinS  addresst  Route  2f  Powerf  Montansr  59468).  On  about  March  Ir 
1?81»  Gunderson  Consulting  determined  that  the  compilator  was  not  functioning 
properly*  removed  it  andr  on  March  S>  shipped  it  to  the  irienufacturer  fcr  repair. 
The  manufacturer  returned  a  new  unit  to  WRC   which  Gunderson  Consultins 
installed  at  the  HecKford  Place  on  June  20?  1931,  During  the  tuc  nonitorina 
periods?  Dan  HecKford  losSed  the  data?  re-charded  the  batteryf  assisted  in 
installing  and  removing  the  two  conipilators  and  in  making  repairs  when  the  boor. 
of  3  crop  sprayer  hooked  a  Suy  wire  and  pulled  the  tcuer  down.  The  nsu 
conpilator  ran  from  June  20f  1931  to  October  18j  1931  and  produced  reliable 
data.  Mr,  HecKford  turned  his  data  loS  over  to  Gunderson  Consulting  at  the  end 
of  the  BonitorinS  period.  In  June?  1932r  DNRC  contracted  with  Gunderscn 
Consulting  to  analyze  and  suiTiCiarize  the  data. 

To  locate  the  nonitorinS  site*  tsKe  north-bound  Interstate  Hishwoi  15  frcr. 
Great  Falls  and  exit  at  Gordonf  seven  miles  north  of  VsuShsn.  Travel  north  on 
the  frontage  road  two  ailesf  then  turn  west  onto  a  travel  road,  The  HecKford 
Place  is  located  approxinately  one-fourth  mile  froru  this  turnr  on  the  north  sida 
of  the  road. 
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Description  the  Data  Analysis  Procedure 

Analysis  of  the  coBPilator  dsta  uas  done  on  s  coaputer  sasteci  of 
the  following  components:  s  Southwest  Technics!  Products  Corporation  E.ociei 
CT-82  intelligent  terminal »  model  69A  central  processing  unitf  two  Fiodel  MF-69 
dual-sided  single  density  disK  drivesr  and  an  Integral  Date  Systet*  Inc.  EjCqeI 
440  dot-matrix  impact  printer. 

The  data  for  each  reading  period  was  entered  into  the  co&puter  and  stored 
in  a  data  file  on  a  5.25  inch  floppy  disK,  Using  this  data  another  prograt 
calculated  the  average  wind  speed  for  each  reading  period  and  for  the  entire 
monitoring  period.  To  miniaize  errors  in  averaging  the  Bonitorina  period  speeds 
separate  running  totals  were  maintained  for  each  of  the  coBPiletor's  32  wind 
speed  brackets  or  •bins". 

FroBi  the  data  in  the  bins»  a  wind  speed  percentage  spectruE,  was  Cciculsted 
by  adding  together  the  contents  of  a  single  bin  or  several  binsf  then  dividing 
that  total  by  the  total  of  all  32  bins.  This  calculation  produces  the  percent 
of  time  the  wind  blew  m  each  percentage  sPectrua  bracket  during  a  readms 
period.   The  sizes  of  the  wind  speed  percentage  brackets  were  set  to  fit  the 
performance  of  most  wind  generators?  i.e.f  startup  wind  speeds  betueen  IC  end  14 
MPHr  highly  variable  production  up  to  30  ttPH  and  generally  flat  perfcrDance  ei 
speeds  greater  than  30  MPH. 

Nextf  the  computer  used  the  wind  speed  averages  to  calculate  wind  pcwer 
density  values  for  each  reading  period  and  the  entire  ecnitorins  period.  Ikte 
that  these  values  cannot  be  a  very  accurate  description  of  the  wind  Power 
potential  at  the  site»  since  they  result  froL  long-terE.  wind  speed  averaass. 
The  longer  the  time  period  of  wind  speed  average  used  in  cslculting  wind  pauer 
density f  the  more  unrelible  the  value  generated  is.  A  acre  detailed  description 
of  the  calculation  of  wind  power  density  will  be  given  later  in  thai  rspcrt. 

To  correlate  data  from  this  monitoring  site  with  data  frot  the  nearest 
National  Weather  Service  Station  (Great  Falls )»  it  Bust  first  be  detertined  if 
any  difference  exists  between  the  height  of  the  aneCiOEieter  at  the  site  and  the 
heiSht  of  the  one  at  the  weather  service  station.  In  this  instance?  the 
anemometer  at  the  weather  service  station  is  at  6,7  meters  while  the  aneLcr.eter 
at  the  site  was  at  10  keters.  This  difference  was  adjusted  by  the  standard 
method  used  in  the  industry?  called  the  '1/7  power  iaw't 


^  _  N 

H 


where  V  =  wind  sPeed  at  height  H 

V  =  wind  speed  at  a  reference  height  hr  and 
H  =  1/2  for  0  to  5  HPH  winds 
=  1/5  for  5  to  35  MPH  winds 
=  1/7  for  winds  greater  than  35  HPH. 

In  addition  to  the  variation  in  tower  height?  there  exists  a  tite  las  in 
weather  between  the  site  and  the  weather  service  station  (6  to  24  hours 
depending  on  the  distance  and  geographical  features  between  the  two  locations). 
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Since  Ihe  conipilalor  reading  periods  are  nmch  longer  than  the  uealher  line  las 
between  the  site  and  the  weather  service  station r  this  effect  can  asneraily  be 
ignored*  Uhen  a  reading  period  is  of  the  same  order  cf  Bssriitude  ss  the 
weather  tii»e  laSf  the  resulting  correlation  value  is  not  accurate.  In  this 
reportf  this  circuitstance  applies  to  the  readins  period  3/31/31  to  9/1/. 

To  calculate  the  wind  speed  correlation  factors  between  the  site  and  the 
weather  service  station*  the  three-hourly  average  readings  fron.  the  ueather 
service  station f  corresponding  to  each  cocipilator  readins  periods  were 
extrapolated  up  to  a  sensor  height  of  10  cseters.  Then»  the  average  spaed  at  the 
site  was  divided  by  the  extrapolated  average  speed  at  the  weather  station  to 
obtain  the  average  correlation  value  for  each  reading  period.  To  Ciinioize 
averaging  errorsr  separate  running  total  were  ciainitained  when  calculating  the 
average  monitoring  period  correlation  factor. 

The  final  level  of  data  analysis  was  projection  of  niaxiauni?  Dini&uri  and 
average  ar-ounts  of  wind  which  can  reasonably  be  e;;p2cted  at  the  Bonitoring  site 
over  3  ten-year  period.  In  this  process*  the  correlation  factor  is  sPriied  to 
10  years  of  national  weather  station  data  to  project  wind  speed  and  wir;d  power 
density  at  the  site.  To  project  wind  speedf  three-hourly  avsrass  sp&ed  data  froti 
the  weather  station  was  extrapolated  to  an  elevation  of  10  Cieters?  Eultipiied  by 
the  Bonitoring  period  correlation  factor?  then  averaged.  For  wind  power  density? 
each  three-hourly  average  speed  was  first  cubed?  then  added  into  the  running 
total  used  to  calculate  the  average  wind  power  density.  Separate  running  totals 
of  the  three-hourly  averages  were  maintained  for  both  the  nonthls  and  scsriy 
averages. 


Uind  power  density  is  the  most  useful  statistic  to  conipsre  the  ener 
potential  of  several  sites  or  to  estiaate  the  appropriata  size  of  s  wine 
generator.  Even  so?  it  is  usually  the  least  used  by  wind  dsvslorer 
density  is  defined  ast 

3 
P=  (1/2)pKV 
where  P  =  wind  power  density 
p  =  air  density 
V  =  wind  speed 

K  =  3  proportionality  constant  used  to  resolve  differences  in  units  of  twc 
various  equation  terms 
Note  that  3ir  density  p  is  defined  ast  p  =  A/(  RT ) 
where  A  =  atmospheric  pressure 

R  =  ideal  gas  constant?  for  air  is  233.7  Joule/KS  degree  Kelvin 
T  =  absolute  sir  temperature. 

The  final  working  version  of  this  eouation  ist 

A  V  (  .01547) 


P= 


(5/9)(T-32)  +  273.15 


where  A  =  average  air  pressure  in  millibars 

V  =  the  average  of  the  three-hourly  MFH  wind  speed  readings  cubed 
T  =  3ver3ge  teoperature  in  degrees  F. 

The  reason  wind  power  density  is  better  than  wind  speed  as  a  basis  for 
selecting  a  site  and  a  machine  for  wind  electric  generation  can  be  seen  in  the 
eouation  above.  It  shows  that  the  power  in  the  wind  (which  is  what  a  wind 
electric  generator  absorbs  and  transmits)  is  proportional  to  the  cube  of  the 
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wind    speed.     Now»    if  wind  pouer   density   is  calculated  froc;  an   avsrass  uincl 
speedr   which  nixes  all   the  instantaneous  wind  sf-eeds  above   the  everase   s^sed 
with  all    the   instantaneous   speeds   belou   it  on   a   linear   scale*   the  resulif   when 
cubedf   will   be  auch   lower   than    if  each   instantaneous  wind   SFeed  h=a  bscn   cut^d 
first  and  then   all   the  cubed  speeds  averased.   The  following  exan.Fle   iiluslral&s 
this  fact;   3vera^in3   these  randomly-selected  nu->bers  ( Of 9? 15»31f 2S?14f6»4fO )   and 
cubing  the  result  yields  a  value  of   1630.   Cubins  each  number   and  averaains   the 
cubed  values  yields  a  value  of  6541 »     Note  the  ariount  of  error.     The  Icnser    the 
string  of  averages  used  in  projecting  wind  power   density   the   Greater   the  error 
in  the  wind  power  density  becomes. 

The  above  eouation  for  wind  power  density  also  accounts  for   the  difference 
in  sir  density  between  the  sumrier   and  winter  nionths  by  its  use  of  r.cnthly 
average  sir  temperature  and  pressure   to  calculate  rionthly  wind  pcusr   density. 
In  addition?    it  accounts  for  the  air  density  at  the  site  as  related  to  slevstion 
above  sea  level  (so  long  as  the  elevation  at  the  site  does  not  differ 
significantly  fron  the  elevation  at  the  National  Ueather  Service  Station.) 

The  monthly  and  yearly  maxiiTiUirif   ciininiua  and  average  wind  year's  spsed  and 
percentage  speed  profiles  were  calculated  in  the  saiiie  oanner   as  the  percentase 
swed  profiles  previously  discussed  except   that   the  data  sunnsrized  was   a  year 
of  National  Ueather  Service  Station  3-hourly  averages  and  that  the  suanary 
periods  are  by  the  aonth  and  year. 

The  monthly  and  yearly  averase  wind  speed  percentass  profile  is  the  nost 
useful  ilea  in  the  report  for  estiaatinS  the  actual  ouput  of  a  wind  senerator 
at  the  nonitorinS  site.  See  the  Data  Use  section  for   instructions. 
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Fir?,l>  ppfer  to  Appendix  I  and  cor-Pire  the  averssa  uinc  pcw&r  dsnsits  cl 
your  r.onilored  sit8  lo  Ins  densities  si  other  sites  in  the  stete.  ( Ccr-Psriscri  of 
uind  pu'-ier  densities  provides  the  best  picture  of  hou  one  site's  potentisl 
corpsres  with  others.  ) 

Nsxtr  eslir.ste  the  power  output  you  mi^ht  expect  fron  3  particular  uind 
sensrstcr  instslled  3t  your  site.  You  will  need  the  senerstor  n.snuricturer ' s 
wind-speed— v':-irsu3-Pov;er  output  ^rsph?  or  "power  chsrecteristic  curve'  ss  it  xs 
5or,etini8s  C3lled  (Appendix  II  is  such  3  curve  for  s  Holec  Uindmetic  rodel  US 
wind  Generator)*  snd  the  'Aversse  Monthly  snd  Yearly  Uind  Speed  and  Percentsse 
Spe^d  Prof i Is'  of  your  site.  Follow  the  procedure  in  the  ex^rr^ple  below  to 
sstir-ste  yesrly  (or  "ionthly)  Senerstor  ouput.  Then?  to  cslculste  s  doiler  value 
of  the  power  that  Generator  might  Senerete  under  the  conditions  st  your  site* 
BiUltiply  the  estir.ated  generator  output  by  the  value  of  the  electricity  you 
would  be  disPlscins. 

In  the  following  sxanple  use  the  Power  Characteristic  Curve  in  Appendix  II 
arid  the  following  annual  wind  spe9d  percentage  spectruru 

PERCENT  CF  UIN'B  m   VELOCITY  BRACKETS 
<1C  <11  <12  <13  <U  <16  <13  <20  <22  <24  <26  <23  <30  <32  <3'^  <3S  <40  >40 

41   5   9   4   5  12  10   5   3   2   1   1   1   1   0   0   0   0 

The  first  step  is  to  convert  these  annus!  percentage  figures  into  the 
nurber  of  hours  per  year  the  wind  blew  in  each  hrscKet.  Multiply  the  psrcert 
value  froi'  the  percentage  spectrur.  by  the  nun.ber  o*  hours  in  s  year?  (365  X  24  = 
3f760  hours  in  a  year).  The  wind  blew  .41  X  8t^60  =  3j591.6  hours  during  the 
year  at  speeds  in  the  less-than-lO-MPH  bracKet.  For  the  second  bracKet?  the 
wind  blew  .05  X  S»760  =  433  hours  at  speeds  between  10  and  10.99  hPH.  This 
process  can  be  continued  for  each  brscKet  o'*'  the  sPectrur.  The  final  result  will 
look  liKet 

PERCENT  OF  WIND  IN  VELOCITY  BRACKETS 
<10  <11    <12    <13  <14     <16  <13  <20    <22   <24    <26  ...  <34  .., 

3?591.6  433  733v4  350.4  433  1051.2  376  433  262.3  175-.2  37.6  ...   0  ... 
NUr^.BER  OF  HOURS  THE  UIND  BLEU  IN  EACH  PERCENTAGE  BRACKET 

The  next  step  is  to  assign  s  MPH  value  to  the  middle  of  each  velocity 
brscKet  and  then  use  the  Power  Characteristic  Curve  to  find  the  generator's 
powsr  output  for  each  associated  ir.idpoint  ^peed>  The  nddpoint  of  each  velocity 
brscKet  has  been  rounded  to  the  nearest  flPH  for  convenience  below. 
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^!IDPOINT  OF  VELOCITY  BRACKETS  ( tiPH ) 
11  12  13  14  15  17  19   21  23  25  27  29  31  33  35  37  39  41 


0   0   0   2   4   7  11  17   21  27  33  39  45  50  55  59  60  62  60 
GENERATOR  OUTPUT  ( KU  )  FROM  POUER  CHARACTERISTIC  CURVE 

To  do  the  final  step*  ir^ultiply  the  nuirber  of"  hours  in  each 
brsckst  by  the  generator  output  and  add  all  of  the  ouputs  together  to  obtain  the 
total  generator  output  for  the  periodf  uhichr  in  this  exarplef  is  one  year. 
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MIDPGIf.'T  OF  VELOCITY  BRACKETS  ( rtPH ) 
5  11  12  13     U    15    17    1?    21    23    25    27    2?    31  33  ... 

0   0   0  701   1752  7353  9636  7446  551?  4730  23'?!  3416  3942  4330  0  ... 

PERIOD  GEN'ERATOR  GIJTPUT  ( KUH  )  PEP  BRACt-ET 

In  lhi5  e;;sr.rls?  the  senerslor  oul?ul  for  ths  lolsi  Fsricd  (on?  ys-r )  is 
51?771  Kt;h.  To  find  the  vslue  cT  the  electricity  which  would  Iheorsticsliy  bs 
di5;^l5ced  by  thi?  Ssnarstor  3t  3  sits  with  this  wind  spaed  FTorilaf  F:uiti='ly  tha 
vslua  cf  ths  electricity  by  the  totsl  production.  In  this  e;;5Fr-ie  we  will  usa 
$.062j/KUh  for  the  unit  vslue  of  disploced  electricity;  therefore^  the  total 
vslua  of  tha  displsced  electricity  would  be  •S3ii235.69  par  yaar. 

Ho'-e-var  7  msny  factors  other  than  tha  cost  of  the  Sanerator  and  tha  valua  of 
dispiacsd  electricity  Rust  be  considered  to  nisKe  a  realistic  evaluation  cf  tha 
ecorsorics  of  wind  electric  seneration  at  your  site — factors  such  as'  the  ore- 
tiF;e  costs  of  site  preparation  (land  r&ntai>  road  in.provar.snt?  power  line 
installation  and  connaction)?  legal  feeS'  charses  for  ths  foundation j  fr-eisiht 
chers'as'  fees  for  inspection  and  syster  checKoutf  and  the  continuous  exr-sr.sss  of 
insi-irance."  operation  and  caintenarce.  The  follcuinS  breaKoown  Sivas  a  broad 
^uirjeline  for  tha  cost  of  3  lars'es  scale  wind  developrentt 


Tcwsr  and  Site  Access  -       11% 

Foundation/Site  Preparation  -   9^  ' 

Cperations/Msintananca  -       TL 
Asserbly/ChacKcut  -  3S     • 

Other  -  4% 

EauiPrent  Transportation  -     2^'; 

uu'j.    Ci-      I'ur'     rUu'^iU  -z-^iO)!     iCi\i/3i  /■-:*;.     /^u     r'UiL'ilsiicu     L-     Lnit     OuicI       i-n'ilh.^     wt-^^  z,, 

Not  all  of  these  costs  will  apply  in  the  sare  percentages  to  evary 

installatior'  but  the  likelihood  is  always  3  £ood  that  other  costs  will  occur 


As  a  rule  of  thur.b»  s  wind  sits  that  has  a  wind  power  density  of  over  200 
watts  'rzr-   SQuare  it.eter  and  has  a  mininuiT;  avaraSe  wind  speed  o'f  12  KPH  i'-^\-   at 
least  six  ;.Dnths  per  year  should  considered  for  wind  devaiopr.ent.  Ths  final 
decision  to  develop  your  wind  potential  is  an  investr.ent  decision  which  deserves 
the  sar.e  oesree  of  careful  analysis  ss  you  give  any  other  developF.SM  t 
inveslrsnl,  Appendix  III  is  a  suggested  wind  electric  sianeration  devslop-,art 
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HOW  TO  UNDERSTAND  THIS  DATA 

The  first  data  sheet  is  the  'Wind  Speed  Sunissry  (in  MPH)  i  Percentese  S^eed 
Profile'.     This  su»iisra  sheet  Sives  the  wind  speed  recorded  bs  the  sonitonns 
s«ste»  while  it  was  3t  the  site.     The  'UKLY  AVG  SPD*   coluBn  aives  the 
average  wind  speed  for  each  week   and  »onth»   and  the  wind  speed  percentage 
SPectruR  gives  the  percent  of  ti»e  during  that  week   the  wind  was  blowing  in 
3  particular  wind  speed  bracket.   For  exaapiet  consider  the  following  spectrut: 

PERCENT  OF  WEEKLY  WIND  IN  VELOCITY  BRACKETS 
<10  <11   <12  <13  <14  <16  <18  <20  <22  <24  <26  <28  <30  <32  <34  <36  <38  >38 

82       6340114000000000C 

In   this  week's  exasiplet  82Z  of  the  tine  the  wind  blew  between  0  and  IC  f.PHf 
6Z  of  the  tine   it  blew  between   10  and  11  HPH»  3Z  of  the  tiae  between  11   and  12 
HPHf   4X  between   12  and  13  MPHr   etc. 

On   the  suMary  sheet  titledf   "Average  Wind  Power   Density  in  «stts/M2'"    the 
last  colu»n  gives  the  reading  period  and  ionitorins  period  aversSe  wind  power 
density  at  the  site.     The  average  wind  speed  in  BPh  is  also  shown. 

The  'Meanr  Hiniiu*  and  Maxiau*  Correlation  Factors  and  Freouencb  Percentage 
Spectrun'   suimary  is  the  statistical  core  of  the  report.     II  gives  the 
correlation  factors  which  compare   the  wind  speeds  at   the  Bonitorins  site  tc 
those  at   the  nearest  NCC  weather   station.     The  right  half  of  the  table  is  a 
•Freauency  Percentage  Spectrua  of  Correlation  Factors" »   which  shows  the  percent 
of  correlation  factors  that  fall   into  each  bracket  of  the  spectrun..   The  sE-c-clher 
the  distribution»   the  »ore  valid  the  correlation  factors.   There  is  no  percentase 
5Pectru»»   or  feiniftua  or  itaxibuB  correlation  factor   for  each  reeding  period  since 
only  one  correlation  factor   is  generated  given  the  nature  of  the  data  stored  t= 
a  cokPilator.   Since  only  one  value  is  generated  a  spectrut  distribution  and 
•inikuft  or  Baxisu*  values  have  no  keaning. 

These  correlation  factors  express  the  wind  speed  at  the  site  ss  a  percent 
of  the  wind  speed  recorded  at  the  sa*e  tiee  at  the  NCC  weather  staticri.  For 
exasplet    if  the  site  wind  speed  is  5  »ph  and  the  NCC  weather  station  wind  sf^eed 
is  10  »ph»   the  correlation  factor  for  that  instant  is  5/10  =   ,50f  i.e.* 
the  site   wind  speed  is  50Z  of  the  wind  at  the  NCC  station.     If  the  wind  speeds 
are  reversedr   the  correlation  factor  is  10/5  =  2.     If  the  wind  speeds  at  the 
site  and  the  NCC  station  are  eoual*   the  correlation  factor   is  1.00. 

Nextf   there  are  three  sheets   iitledt  "Monthly  and  Yearly  Average  Uind  Power 
Density   In  Watts/Sa.  Meter".  The  first  one  gives  the  average  ("Mean  liind  Year')* 
the  next  gives  the  lowest  ("Hinisu*  Uind  Year")  and  the  third  gives  the  hish.est 
( "HaxikUB  Uind  Year")  wind  power  density  likely  to  occur  at  the  site  over  a  ten- 
year   period.   If  a  site  owner  is  considering  installing  s  wind  generator »   these 
sheets  give  an   idea  of  how  the  generator  output  can  be  expected  to  vary  as   the 
wind  power  density  varies  frok  year   to  year. 

Finally*   there  are  three  suksaries  titled*   "Monthly  and  Yearly  Average  Uird 
Speed  (MPH)  and  Percentage  Speed  Profile."  Like  the  three  preceedins  suctaries* 
these  also  deal   with  the  kean*   kinikUB  and  kaxitiUE.  wind  years.     But  while  U-.e 
^receeding  suktaries  estikate  uind  power  density*   these  estiEiste  wind  sPeed 
averages — the  kean*  kinibuk  and  kaxiouc  konthly  and  yearly  average  wind  speeds 
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liKely  lo  occur  si  Ihe  site — 3nd  srrsn^e  Ihec  b^  Fercente^e  inLo  velocili 
brscKets.     To  inlerpret  the  velocity  brscKetsr   see  the  description  sbcve  of   the 
"Ihnd  Speed  Sua^sra  and  Percentsae  Speed  Profile". 

The   Data  Use  section  of  this  report  contains  directions  for  usins  these 
5»Bi3riBs  to  estimate  the  sonthly  end  yesrls  output  of  a  wind  seneraLor 
operating  at  a  height  of  10  neters  (33  feel)  under   the  saae  conditions  as  those 
farnd  at    the  site.     Since  »ost  generator  towers  are  taller   than  10  aeters  and 
since  wind  SF-eed  andr   thereforef   wind  power  increase  as  the  heisht  above  the 
sorfsc?  increasesf   it  follows  that  an  estisate  based  on  this  data  and  usins  this 
■Hhodwill  be  a  conservative  one. 


UIND  SPEED  SUMMARY  ( IN  HPH )  AND  PERCENTAGE  SPEED  PROFILE 


location:  POWER 
year:   1981 


TOUER  height:  10  meters 


average  percent  of  wind  in  velocity  brackets 

period  wind  speed  <10  <12  <14  <16  <13  <20  <22  <24  <26  <28  <30  <32  <34  <36  <38  >33 


6/20-  7/  2 

9.3 

62 

12 

8 

5 

4 

3 

n 

1 

1 

1 

0 

0 

0 

0 

0 

0 

7/  2-  7/23 

8.5 

70 

10 

6 

4 

3 

2 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

7/23-  8/  3 

8.0 

74 

9 

5 

4 

3 

2 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

8/  3-  8/13 

6.3 

86 

6 

4 

2 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

8/13-  8/23 

6.7 

82 

9 

4 

O 

^ 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

8/31-  9/  1 

8.3 

68 

11 

7 

5 

3 

2 

1 

1 

1 

1 

0 

0 

1 

0 

1 

c 

9/12-  9/20 

7.8 

75 

10 

6 

4 

2 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

9/20-10/  4 

10.4 

55 

12 

8 

6 

5 

4 

3 

2 

1 

1 

1 

0 

0 

1 

1 

c 

10/14-10/18 

12.4 

36 

17 

14 

9 

7 

6 

4 

3 

2 

1 

1 

0 

0 

0 

0 

0 

PERIOD  AVG:   8.5 


69  10 


AUERAGE  UIMD  POUER  DENSITY  IN  UATT3/H2 

location:  POUER             TOWER  HEIGHT=  10  METERS 
year:   1931 

PERIOD  AUG  SPEED  (HPH)  AVG  PRESSURE  ( HBS )  AUG  TEMPERATURE  (F)  AUG  UIND  POUER  DEN'SITY 

337.1  58,1  71 

390.2  66.5  37 

390.2  66,5  63 
390.8  69,3  26 

890.3  69,3  +2 
890,8  69,8  74 
890,3  59.3  71 
890.3  59.8  130 
333.1  45.3  167 

390.0  62.3  81 


6/20-  7/  2 

9.3 

7/  2-  7/23 

3.5 

7/23-  3/  3 

8.0 

8/  3-  8/13 

6.3 

8/13-  8/23 

6.7 

8/31-  9/  1 

8.3 

9/12-  9/20 

7.3 

9/20-10/  4 

10.4 

10/14-10/18 

12,4 

AUERAGES: 

3,5 

HEANf  HINmUM  AND  MAXIHUH  CORRELATION  FACTORS  AND  FREQUENCY  PERCENTAGE  SPECTRL'H 

SITE  location:  POUER  NCC  station  location:  GREAT  FALLS 

year:   1981 

DNRC  WIND  TOUER  HEIGHT:  10.0  METERS 

HCC  WND  TOUER  HEIGHT:  6.7  METERS 

(1.0=PERFECT  SITE/UEATHER  STATION'  CORRELATICr-' ) 
<-CORRELATION  FACTORS-?-        FREQUENCY  PERCENTAGE  SPECTRUM  CF  C.F.'S 
PERIOD     MEAN   MINIMUM   MAXIMUM  <0.3  <0.6  <0.9  <1.2  <1.5  <l.e  <2.1  <2.^  <2,7  <3.C  3.C! 

6/20-  7/  2  0.93 

7/  2-  7/23  0.90 

7/23-  8/  3  0.89 

8/  3-  8/13  0.90 

8/13-  8/23  0.90 

8/31-  9/  1  0.69 

9/12-  9/20  0.87 

9/20-  10/  4  0.90 

10/H-  10/13  1.00 

MONITORING 

PERIOD     0.92    0.69      1.00     0    0   67   33    0    0    0    0    0    0    0 


MONTHLY  i  YEARLY  AUG  UIND  SPD  ( HPH )  AND  PERCENTAf^E  SPEED  PROFILE 

HEAN  WIND  YEAR 

SITE  location:  pcuer         ncc  weather  station  location:  great  falls 

STARTING  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/73 
average  SITE/UEATHER  station  CORRELATION  FACTOR:  0.92 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 

AUG  PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 

HONTH  SPEED    <10  <11  <12  <13  <14  <16  <13  <20  <22  <24  <26  <2S  <30  <32  <34  <36  <33  <40  >40 


JAN 

16.6 

23 

3 

5 

4 

2 

8 

8 

10 

11 

4 

7 

7 

3 

9 

2 

1 

0 

0 

V 

FEB 

13.2 

30 

5 

9 

8 

6 

9 

11 

8 

6 

1 

4 

2 

0 

0 

0 

0 

0 

0 

0 

HAR 

14.1 

23 

6 

12 

7 

6 

7 

14 

10 

5 

3 

7 

2 

0 

0 

0 

c 

0 

0 

APR 

13.5 

34 

6 

10 

5 

8 

4 

10 

3 

3 

3 

1 

2 

3 

0 

0 

2 

0 

0 

0 

HAY 

12.5 

36 

6 

14 

4 

3 

6 

10 

4 

4 

9 

2 

0 

0 

0 

0 

0 

A 
V 

JUN 

13.1 

36 

7 

8 

7 

5 

3 

8 

6 

6 

2 

1 

L. 

3 

7 

0 

0 

0 

A 
V 

0 

c 

JUL 

10.6 

58 

5 

9 

6 

3 

4 

6 

3 

3 

1 

0 

1 

0 

0 

1 

0 

0 

0 

0 

AUG 

10.8 

49 

9 

9 

7 

6 

4 

5 

4 

o 
^ 

0 

1 

1 

1 

0 

0 

A 

0 

0 

SEP 

11.4 

46 

3 

3 

7 

5 

4 

6 

6 

3 

n 

^ 

7 

1 

0 

0 

0 

0 

c 

A 

V 

0 

OCT 

14.2 

31 

4 

8 

4 

7 

6 

12 

3 

4 

4 

3 

4 

3 

0 

1 

0 

0 

0 

A 

'J 

NOV 

13.2 

36 

4 

10 

6 

7 

3 

3 

6 

4 

6 

3 

3 

n 

^ 

0 

0 

1 

0 

0 

0 

DEC 

14.9 

32 

3 

4 

5 

5 

4 

9 

7 

8 

5 

4 

J 

5 

0 

1 

0 

0 

1 

r 

YEARLY 

average: 

1973 

13.2 

36 

6 

9 

6 

6 

5 

9 

7 

5 

3 

2 

3 

2 

0 

1 

0 

0 

0 

0 

MONTHLY  i  YEARLY  MQ   UIND  SPD  ( MPH )  AND  PERCENTAGE  SPEED  PROFILE 

HINIMUM  UIND  YEAR 

SITE  location:  power  NCC  UEATHER  station  location:  great  FALLS 

STARTING  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/79 
AVERAGE  SITE/WEATHER  STATION  CORRELATION  FACTOR:  0,92 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 

AVG  PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 

MONTH  SPEED    <10  <11  <12  <13  <14  <16  <18  <20  <22  <24  <26  <2a  <30  <32  <34  <36  <33  <40  >40  * 


JAN 

12.1 

42 

5 

2 

3 

7 

4 

9 

7 

5 

5 

5 

4 

-) 

0 

0 

0 

0 

0 

0 

FEB 

13.2 

44 

4 

5 

2 

4 

4 

8 

6 

7 

6 

3 

1 

4 

0 

1 

0 

0 

c 

c 

HAR 

12.6 

44 

4 

4 

3 

6 

5 

10 

9 

4 

3 

4 

2 

0 

0 

1 

0 

0 

0 

0 

APR 

12.1 

31 

14 

12 

6 

6 

3 

8 

3 

4 

3 

2 

1 

1 

0 

0 

c 

0 

c 

c 

HAY 

9.9 

57 

10 

10 

6 

5 

1 

3 

3 

3 

1 

1 

0 

0 

0 

0 

0 

0 

0 

c 

JUN 

10.4 

5a 

8 

5 

5 

4 

4 

6 

5 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

JUL 

8.7 

70 

8 

5 

3 

3 

3 

4 

2 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

AUG 

9.1 

65 

9 

6 

5 

3 

2 

3 

4 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

SEP 

9.4 

64 

7 

9 

2 

4 

3 

5 

2 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

OCT 

9.3 

56 

7 

9 

4 

3 

3 

6 

6 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

NOV 

11.1 

43 

7 

11 

6 

7 

8 

9 

4 

4 

1 

0 

0 

0 

0 

0 

0 

c 

0 

c 

DEC 

U.3 

23 

3 

8 

7 

7 

3 

9 

7 

9 

6 

3 

5 

5 

0 

2 

3 

0 

1 

0 

YEARLY  average: 
1979   11.2 


MONTHLY  &  YEARLY  MG   WIND  SPD  ( MPH )  AND  PERCENTAGE  SPEED  PROFILE 

HAXIMUH  WIND  YEAR 

SITE  location:  POUER  NCC  weather  station  location:  GREAT  FALLS 

STARTING  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/74 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  0.?2 
PROJECTED  WIND  SPDS  AT  10  METER  ELEVATION 

AVG  PERCENT  OF  UIND  IN  VELOCITY  BRACKETS 

MONTH  SPEED    <10  <11  <12  <13  <14  <16  <18  <20  <22  <24  <26  <28  <30  <32  <34  <36  <33  <40  >40 


JAN 

18.0 

22 

3 

5 

4 

5 

3 

11 

7 

9 

4 

4 

7 

5 

1 

3 

A 

1 

X 

3 

FEB 

18.4 

11 

2 

6 

4 

6 

5 

13 

12 

13 

6 

6 

7 

4 

1 

2 

1 

0 

c 

0 

HAR 

15.9 

28 

4 

8 

1 

7 

5 

11 

7 

7 

4 

4 

2 

5 

1 

o 

0 

0 

1 

n 

APR 

12.2 

40 

3 

15 

5 

7 

6 

7 

6 

3 

3 

0 

0 

0 

0 

0 

0 

0 

MAY 

12.9 

38 

4 

10 

1 
^ 

3 

6 

12 

7 

3 

3 

3 

n 

^ 

0 

0 

0 

A 
V 

0 

0 

JUN 

11.9 

43 

8 

12 

3 

5 

5 

11 

3 

3 

3 

2 

0 

1 

0 

0 

0 

0 

0 

0 

JUL 

10.7 

54 

3 

12 

4 

6 

3 

3 

3 

2 

A. 

1 

2 

1 

0 

0 

0 

0 

0 

0 

AUG 

9.4 

61 

5 

11 

4 

a 

4 

4 

1 
^ 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

SEP 

9.9 

60 

5 

8 

4 

5 

3 

4 

4 

3 

1 

2 

0 

0 

0 

0 

0 

0 

V 

0 

OCT 

12.3 

41 

5 

8 

5 

7 

7 

9 

7 

n 

2 

4 

1 

0 

0 

0 

0 

0 

NOV 

14.2 

31 

4 

9 

3 

6 

4 

13 

8 

8 

4 

3 

3 

4 

0 

0 

0 

0 

0 

0 

DEC 

13.1 

15 

4 

6 

6 

5 

3 

15 

7 

7 

7 

5 

4 

7 

n 

3 

4 

0 

1 

c 

YEARLY  average: 
1974        13.6  37       49464     10       653333011 


MONTHLY  AND  YEARLY  AVERAGE  UIND  POUER  DENSITY  IN  UATTS/SQ.  HETER 

MEAN  UIND  YEAR 

SITE  location:  POUER  NCC  UEATHER  station  location:  GREAT  FALLS 

STARTING  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/73 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  0.?2 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 

MONTH  AVG  UIND  SPEED     AVG  PRESSURE       AVG  TEMPERATURE     AVG  UIND  POUER  DENSITY 
(MPH)  (MBS)  (F)  (U/H2) 


JAN 

16.6 

887.7 

24.9 

402 

FEB 

13.2 

887.3 

29.6 

186 

MAR 

U.l 

884.5 

39.5 

210 

APR 

13.5 

836.9 

40.2 

230 

MAY 

12.5 

836.3 

59.4 

16S 

JUN 

13.1 

837.5 

63.6 

193 

JUL 

10.6 

837.5 

71.4 

lOS 

AUG 

10.8 

839.0 

71.2 

111 

SEP 

11.4 

890.0 

53.2 

127 

OCT 

U.2   • 

839.5 

49.2 

254 

NOV 

13.2 

338.7 

25.2 

243 

DEC 

U.? 

887.2 

23.9 

342 

YEARLY  average: 
1973      13.2 


MONTHLY  AND  YEARLY  AVERAGE  UIND  POUER  DENSITY  IN  UATTS/SQ.  METER 

MINIMUM  UIND  YEAR 


SITE  location:  POUER  NCC  HEATHER  STATION  LOCATION:  GREAT  FALLS 

STARTING  TIME  FOR  PROJECTED  DATA:  200  HOURS  ON  1/  1/79 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  0.92 
PROJECTED  UIND  SPDS  AT  10  METER  ELEVATION 


MONTH 

AVG  UIND  SPEED 

AVG  PRESSURE 

AVG  TEMPERATURE 

AVG  UIND  POUER  DENSITY 

(MPH) 

(MBS) 

(F) 

( U/H2 ) 

JAN 

12,1 

887.7 

6.5 

227 

FEB 

13.2 

837.1 

13.8 

258 

MAR 

12.6 

884.5 

34.7 

209 

APR 

12.1 

836.8 

40.7 

152 

MAY 

9.9 

886.4 

51.5 

100 

JUN 

10.4 

887.4 

62.9 

113 

JUL 

8.7 

889.5 

69.0 

AUG 

9.1 

839.2 

63.5 

6? 

SEP 

9.4 

890.2 

62.9 

/  -r 

OCT 

9.8 

839.3 

49.4 

97 

NOV 

11.1 

883.6 

33.4 

lie 

DEC 

16.3 

836.6 

34.6 

397 

YEARLY  average: 
1979      11.2  153 


MONTHLY  AND  YEARLY  AVERAGE  WIND  POUER  DENSITY  IN  UATTS/SQ.  METER 

MAXIMUM  WIND  YEAR 


SITE  location:  POUER  NCC  UEATHER  STATION  LOCATION:  GREAT  FALLS 

STARTING  TIME  FOR  PROJECTED  DATA:   200  HOURS  ON  1/  1/74 
AVERAGE  SITE/UEATHER  STATION  CORRELATION  FACTOR:  0.72 
PROJECTED  WIND  SPDS  AT  10  METER  ELEVATION 


MONTH 

AVG 

WIND  SPEED 

AVG  PRESSURE 

AVG  TEMPERATURE 

AVG  UIND  POUER  DEr^SITY 

(MPH) 

(MBS) 

(F) 

(U/H2) 

JAN 

18.0 

883.8 

19.3 

613 

FEB 

18.4 

385.2 

33,8 

436 

MAR 

15.9 

882.2 

33.3 

41? 

APR 

12.2 

886.2 

47.1 

152 

MAY 

12.9 

885.5 

49.5 

196 

JUN 

11.9 

886.2 

66.9 

137 

JUL 

10.7 

888.9 

72.9 

114 

AUG 

9.4 

390.6 

62.9 

60 

SEP 

9.9 

892.3 

54.3 

101 

OCT 

12.3 

891.6 

51.4 

176 

NOV 

14.2 

388.3 

33.7 

255 

DEC 

19.1 

885.5 

32.5 

495 

YEARLY 

average: 

1974 

13.6 

253 

APPENDIX  I 
Avsrss'e  Yearly  Wind  Speed  i.  Wind  Power  Density  si  10  Meter  Elevotion 

sversSe  sverBse  yearly  wind 

Slsiicn  Ner.e          yesrly  speed  pouer  density 

(HPH)  (Ustts/SG.  Meter  ) 

BillinSs   Losan 

Internstionsl   Airport               12.3  156 

BoieiTiSn  Airport                             7.3  63 

But tp -Silver  Bou 

Ccsjnty  Airport                              7.6  70 

Cat  BsnK    Airport                        13.7  '                          28+ 

Dillcnj  Besverhesd 

County  Airport                            10.1  103 

Gl3s^c«  Internstionsl 

Airport                                          12.1  174 

,"1 

Crest  Fslls  Internstionsl 

Airport                                          12.8  217 

Havre  City-County 

Airport                                            11.4  161 

Lswistcwn   Airport                      11.0  137 

Livingston  Airport                     H.5  403 

Miles  City  Airport                    10.1  108 

Superior    Airport                           4.9  13 

UhitehsU   CAA                              13.4  340 

*Dst3  fror,  Uind  Resource  Atlsst  Volucie  1  -  Northuest  Resion  by  Bsttelle 
Pacific   Northwest  Lsborstoryr   PNL-3195  UERA-l  UC-60r   April   1930f   p.   76. 


APPENDIX  II 

Power  Chsrsclerisiic  Curve  For  3  Holec  Uindri3lic  ciodsl  14S  Uind  Generator 
Uind  Speed  Versus  Generator  KUh  Output 
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APPEMDIX  III 

UIHD  SITE  DEUELOPHENT  GUIDE 

Prepared  by  Gunderson  Consulting  Service 

525  E.  P3vi5f  BozsRsn*  MT  Telt  406/586-3502 

I.  Preliminary  Feasibility  Study — Costt  iO 

1.  Obtain  local  weather  data — nionthly  J.  yearly  average  uind  speeds. 

2»  Review  your  electric  bills!  figure  your  nisxiniunif  itiininuri  and  average  Donthly 

electric  loads.  The  longer  the  period  you  revieu»  the  better. 
3,  Determine  what  conservation  Hieasures  could  reduce  your  electric  load. 
A.   Read  all  the  wind  generation  literature  you  can  find. 

5.  LoqK  your  property  over  and  picK  the  most  liKely  potential  wind  sites. 
As  a  rule  of  thurib»  a  site  that  has  a  wind  power  density  of  over  200 
watts  per  souare  seter  and  has  a  MINIMUM  average  wind  speed  of  12  HPH 
during  st  least  six  ir.onths  s  year  can  be  considered  for  developriant. 

6.  Start  to  thinK  about  how  much  of  your  electric  load  you  can  eliiriinate 
by  conservation  and  how  much  you  want  to  generate  with  wind  power. 
Decide  how  ir.uch  of  your  tiise  you  can  devote  to  developing  J,  using  the 
wind  resource  on  your  property.  Try  to  iriagine  hou  a  wind  installation 
sis'ht  affect  your  and  your  neighbors'  property. 

7.  Set  a  ceiling  in  dollars  on  the  amount  you  are  willing  to  invest  in 
wind  generation. 

8.  Contact  your  utility  coriipany  and  obtain  their  policies  and  procedures  for 
connecting  a  wind  generator  tc  their  transmission  systen.  Find  out  hou 
Euch  they  will  pay  you  for  electricity  you  generate. 

9.  Cultivate  the  habit  of  Keeping  detailed  records  and  files. 

II.  Final  Feasibility  Study—Cost:  $0,-  $3^000 

1  .  As  a  rule  of  thuPibf  a  wind  site  is  a  good  prospect  for  devBlopnient  if 
it  has  3  wind  power  density  of  over  200  watts  per  sQuare  neter  and  has 
an  average  wind  speed  of  no  less  than  12  MPH  for  at  least  six  nonths  per 
year.  To  decide  whether  or  not  your  wind  resource  warrants  investnentt  you 
say  need  3  wind  resource  study  to  Bieasure  the  wind  speed  and  direction 
at  your  site.  This  will  depend  on  two  factorst 
3)  the  availability  and  Quality  of  existing  wind  speed  and  direction  data 

fron  a  nearby  sourcer  such  as  a  National  Weather  Service  Stationr  end 
b)  the  total  amount  of  your  proposed  investment. 

i)    $0  -  f5»000  i  no  financing.  Sone  generator  dealers  will 

perform  a  3-i!ionth  wind  speed  study  at  a  client's  site?  others 
rely  on  existing  data  fron  a  nearby  site  such  as  a  National 
Ueather  Service  station.  Costt  $0 
ii )   $5f000  -  $10tOOO  with  partial  financing.  The  lending  institu- 
tion Bsy  want  to  see  the  results  of  a  6-nionth  wind  study  before 
approving  a  loan.  Yout  toor  should  want  a  study  of  your  wind 
resource  before  borrowing  money.  Some  generator  dealers 
perform  such  studies  for  their  clients?  private  consultants 
do  wind  resource  studies  without  consideration  of  a  particu- 
lar wind  generator.  Cost  $0  -  $2»500. 
iii  )  More  than  $10»000  with  maJor  financing.  An  investment  of  this 
size  reouires  an  independent?  long-tern  wind  resource  study. 
Cost!  around  $  3^000  depending  on  term  and  number  of  sites. 
2.  Contact  one  or  more  wind  generator  dealers?  the  State  energy  office  and  a 
private  consultant?  tell  them  your  investment  ceiling  and  asK  for  their 
estimate  of  the  co^  of  various  sized  wind  generators  and  the  Quantity 
•9f   electricity  Ihose-'Seneralors  coul<i  be  expected  to  produce  under  the 
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wind  and  temperature  reside  at  your  site.  Get  all  the  uind  senerator 
brochures?  dats  sheets  and  Srecif ications  you  F-ossihly  can. 

3.  LooK  over  the  inforsiation  you  have  collected?  and?  if  you  still  uant 
to  develop  your  uind  resource?  select  the  systen  which  falls  belou 
your  investnerit  ceilina?  leaves  rocr.  for  all  the  other  costs  and 
seetrs  Rost  liKely  to  produce  the  ar^ount  of  electricity  you  thinK  you 
should  Set  under  the  conditions  at  your  site. 

4.  Contact  a  dealer  of  the  machine  you  have  selected.  If  the  dealer- 
Knows  you  are  a  serious  customer r  they  should  be  willing  to 
furnish  you  the  follouins  information? 

s)  An  estimate  of  the  monthly  mininun*  maximun  and  average  electric 
output  you  could  e;;pect  from  the  generator  under  conditions 
described  by  the  data  fron  your  site. 

b)  An  estimate  of  all  installation?  connection  and  maintenance 
costs?  and  an  economic  analysis  showina  the  assuisptions  nads  and 

the  estimated  paybacK  period  for  this  generator  under  your  conditions. 

c)  Complete  warranty  information. 

d)  Complete  information  for  utiltiy/home  electric  interface  connection. 

e)  Maintenance  schedules  and  their  costs. 

f  )  A  sample  of  the  dealer's  contract  forrj  or  forms  to  cover  installstion? 

electrical  interface  and  system  startup, 
s" )  A  list  of  customers  who  have  used  the  generator  nodel  you  are 

looKinS  at  for  at  least  1  year  in  a  climate  similiar  to  your  site, 
h)  A  description  of  the  dealer's  e>;perience  with  the  particular 

generator.  A  short  history  of  the  manufacturer  is  also  nice  to  have. 

N'o  dealer  will  be  willing  to  furnish  all  this  information  until  they 
Knou  you  are  seriously  interested  in  a  generator.  But  the  dealer's  first 
resp-cnse  to  you  is  a  good  indication  of  their  reliability  and  of  the 
the  Quality  of  their  product.  The  more  contact  you  have  with  the  dealer? 
the  more  of  this  information  you  will  receive.  If  information  seer.s  too 
hard  to  Set?  you  should  consider  finding  another  dealer.  You  should 
expect  to  have  all  your  Questions  answered  to  your  satisfaction. 

III.  Installation?  Operation  J.  Maintenance. 
fit  this  point?  asK  yourself  if  you  still  went  to  invest  in  your  wind  site. 
If  you  do  not  feel  satisfied  about  your  wind  prospect  at  this  point? 
you  would  be  better  off  to  write  off  all  your  worK  to  date  (and  money  as 
well?  if  you've  had  a  wind  resource  study)  than  to  spend  $10  -  100  thousand 
sore  for  a  uind  machine  that  does  not  generate  the  electricity  your  invest- 
sent  depends  on.  Remember  that  you  can  write  off  a  business  loss  Just  as 
easily  as  you  can  taKe  a  ta;;  credit  for  s  renewable  energy  investment. 
And  finally*  remind  yourself  that  no  generator  can  improve  the  uind  at  your 
site. 

If  you  decide  to  proceed  with  your  investment  plans?  the  first  step  is  to 
follow  through  on  the  conservation  measures  you  identified  at  the  beginning 
of  your  feasibility  study. 

Then?  here?  in  general?  are  the  steps  to  getting  those  first  Kilowatts  flowing! 

1  )  If  you  plan  to  intertie  with  the  utility  system?  negotiate  a  buy-bacK 

contract  with  your  utility  company.  You  will  have  to  have  their 
approval  of  the  electrical  interconnect  your  dealer  plans  to  use 
and  you  say  have  to  meet  their  insurance  reouirements. 

2  )  From  your  city/county  planning  and  zoning  departments  obtain  whatever 

installation  permits  or  licenses  they  reouire. 
3)  Get  your  insurance  agent's  advice  on  what  Kinds  of  insurance  your 
installation  will  need  and  order  it. 
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4  )  Q&l   los'eLher  with  your  desler  and  Frersre  a  final  econonic  analysis.  Con- 
sidering ALL  coslsf  calculate  the  payback  period.  If  the  total  cost  and 
snd  the  payback  period  still  suit  you  f  then  you  know  your  inv9stn;ent  is  as 
solid  a?,  you  can  make  it. 

5)  Consider  havina  leSal  review  cf  the  contract  your  dealer  offers?  then 
neSotist?  it  with  your  dealer.  This  is  also  a  sood  tine  to  negotiate 
3  iTiSintenance  contract. 

6  )  After  your  generator  is  installed  and  operatinSf  have  your  dealer  or  an 
independent  consultant  monitor  the  wind  speed  st  your  generator  site  for 
3-6  Bonlhs  50  you  can  conpare  the  wind  power  potential  during  the  period 
with  the  output  fron  your  generator  during  the  sa?je  period  to  deterrane 
whether  your  generator  is  perforiTiing  according  to  your  expectations 
and  the  tnanufacturer's  specifications. 

7)  MaKe  sure  that  the  maintenance  schedule  is  followed  and  repairs 
are  Bade  whenever  they  are  needed. 
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DascriFlion    of 
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The  wind  dsla   in   this  repcri  U35   sslhered   and  recordsd  bs  DNRC ' e  uind 
iTiGniLorins;   5'=!slet;,  4D3R-3  st   the  hsTcel    Solurf  pisce  nssr   Fajd'-JErd.'    HonlcTz 
frcR  Seplen.ber    10.    1930   to  Deceir.b&r   U?    1930. 

Nstursl    pGuer    Inc.    New   Boston.    Mew  HsRiPsh.ire/    r.-.nuf sclured    the   r&co'dir 
and  ssnsor   used   in    Lhs   system   which  asthsr-Ed   this  dsts.      The   systsri   moiuded   s 
dusl-chsRnei   strip   chsrl  recorder   housed   in   3  plsstic  esse?    s  4-rols   cu;- 
sneniorieter.   3   wind  direction   sensor?   3   12— voit  wet  ceil   sutcriobile   bitterly   snd 
sii   the  Ccbie   needed   to  connect   the   sensor   to   the  recorder ?    the  reccrder    to   tne 
battery  snd  the  entire   syster,   to   3   sroundins   stsKe.      Co"-ietir,s   the   sbster    uere 
sn  instrur.ent   shelter   snd  3   lO-meter-   tower   with  F.cjntirii  brscKet.    s'jy  wires   er.d 
^tcKes. 

The  wind  direction   sensor   feiied   to   G;-erste  durins   the  period) 


Uind   velocity   rsnse:   3-  150  rlFH 
Ter.Per3ture  rense   -60   to  200  desress  F. 


The   operating   specif icetions  fcr    the  strip   chsrt  r 
Tenpersture  rsnset    32   to   160  degrees  F. 
Racorder   n^eterJ    +  or   -   I'i 
Rscorder    chsrt  speed t   +  or   -  5Z 
Rasponse    liRet   5  seconds   to  full   scale 


eccr; 


The  the  strip  chert  recorder  records  s  wine 


reeoms 


'  V  =  1     w        U  »-  U 


by  ti^skins  3  niarK  on  the  strip  chsrt.  To  HisKe  the  r.srKf  sn  ir.pect  bsr  : 
the  top  side  o'f  the  metsr  needle*  which  then  tcjches  pr essu:"e-  ser.siti'. 
(a  "strip   chart'')  mcvins  slowly  benesth   the  needle.      These  dcti   eicur.j] 


,e  cr 


the  nicvins  psFer   forniins 


o     ^i   cr  11     u  I 


the  wine 


The  tower  W3S  s  lO-ir.eter  Radio  ShacK  telesccpina  T'v  3:iter;na  rsat  r 
salvanized  stsel  snd  guyed  by  eisht  cables  in  a  25'  radius,  It  is  rat" 
withstand  winds  up   to   150  hPH. 


CJ        U  u 


The  instrunient  shelter?  n-ede  of  wood  and  insulated  with  atyrofci:. 
located  st  the  base  of  the  tower  to  house  the  reccrder  and  battery  in 


four  foci  salvBnized  staKe  driven  into  the  around  ns,,i 
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Moniiorins  KsIugo 
Cn  SeFl9iT,her    10;    1930?    under   corilrscl  with  DNRC?    G'jnc^ric 


.5!Ti    #DSR-3 


Ihe  (i;rc6i 


soulhuesl  of  Rudysrdf  Monisna  (n.siiing  addresst  Box 


Rude; 


Ccnsulliril 
Lur.  farr 

'   59540).   Betu^en 

ihe  dsle  of  insiBllslicn  snd  Deceriber  16?  1930/  Hsrcel  chsrsed  the  b  =  iter-i6=  £-d 
chsnsed  ihe  rolls  of  strip  chsrl  psper  ss  they  were  filled.  Th-;  snenor.ele.-  snd 
ihe  strip  chart  recorder  ucrRed  sccGrdins  to  specifications  durins  the 
nioniiorins  pericd  but  the  wind  direction  sensor  failed  to  send  sny  sisosls  to 
ihe  recorder.  In  June  1932r  DNRC  ccntrscted  with  Gundsrscn  CDnsuiiir.s  to  cnei'^zs 
snd  sur.r.orize  the  dsto  on  the  strip  charts. 


To  Iccste  the  Hionitorins  sits?  ori'. 
riiiles  to  n.ile  tarKer  36,  Turn  west  for 
for  two  iT.Dre  ndles  to  the  Soiun,  fsrn, * 


Lwo 


fron  Rud'iard  on  Siata  432 
;s?  south  for  one  ri 
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De=crirtiGn    Ihe   DsIb  Ansl'dsiE  Frccecure 

Analysis   of   Ihe   strip   chsrl   dsts  uss  dene  on   s   cQ-.rutsr   s'istc'i  ccri-cssG  cf 
the  folicuins   iten.st    3  Southwest   TechniCol   Ftgouc'i-s   Ccf^J^craliGn   riodsl   CT-52 
intellisenl  lerminslf   n.odel   69A  cenirsl  processins  uriit*    two  nod=i   HF-cr  c^jeI- 
•iided  sinsle  density  disk  drives?   sn   Intesrsl  Dsts  Systsri?    Inc.   ricdsl   440  c;t- 
niStri;;  iiTipsct  printer   snd  b  Houston   Instru^isnt  HI  PAD  disitizins  pad  uith  s  c'r- 
buttcn  cursor  . 

The   strip  cherts  were  digitized  snd  stored  en  5.25   inch  ficrr-6  disKs,    In 


this   process^    sn   operBtor  uses   the  cursor   snd  disiitizer   psd   to 
descents   (referred   to  ss  '"piots"  )  of  the  uind-speed-versus-ticie  curvs 
strip  chsrt  v  105  ses'r.ents  per   strip  chsrt)»   This   sends   =   streis  cf  Xi 
cocrdinstes  tc   the  cor.puterr   which  receives  end  stores   ther.  with  en   a 


trece  six-inc 


:cur=cy 


or 


-     .1"! 


.015  of  3n  inch.  For  this  study*  the  coordinates  were  stored  en  disK 


three  decir.sl  Pisces. 


the  dits  W55 

wind  speeds  as  follcust  the  disitized  wind  sr-eed  ccordir 
the  ncnlinesr  response  of  the  strip  chert  recorder ?  thi 
ccordinstes  were  corrected  for  vsristions  in  t!" 


ever£s 


were  c 
;-  chsrl 


into  hou'-l': 


i  ■ 

*  hi 


r?:c: 


hcurly  speeds  were  averssed. 

At  the  next  level  cf  oOslysis?  the  hou'^ly  wind  sp 
into  dsilsf  weeKly  snd  ir.onthly  suti-nsries. 
houly  uind  sPeed  eier.ents  one  dsy  si   5  tir 


eec  0  = 


rf  s  w  c.  s  s  u  iT  r.  S"  r 


To  do  thisf 
':   and  cverased  theD 


thP 


1  _- 


3nd  iTionthly  Bversse  wind  sPeed  profiles.    It  cerried   individual  runnins  tot 
for   esch   sunriary  Period  to  n.inir.izs  sverssins  error. 


Also?  3  wind  speed  percentase  s.-e 
coRPuter  counted  hourly  wind  speeds?  t 
51JU  Itansously  Keepins  a  count  of  eler.e 


ctrur.  was  csicuiatso;   as 
en   sorted  then,   into  spst.-  l.  =-•-.= 
nts  sorted   int;  each  bracKet  fc" 


I    V_-  i   i  U-  -r.  w    >  U 

h  -  -• .-  !■•  =.  -  - 


-  -  ,.  V 


tise    sur.r.sry  period.   At  the  end  of   the   tir.e   sufi.r.i 


-en  GO? 


^h 


s  nu:^oer 


elsr.ents  sorted  into  each  speed  brscr.et  was  divided  by  the  total  count  cf 
elerients  for  ihe  suRnBry  period?  which  produced  the  percent  cf  tire  the  wind 
blew  in  each  sT-enri   brscKet  durins  the  period.  The  wind  speed  percentase 
brsckets  were  sized  to  fit  the  perforrisnce  of  r.ost  wind  seneratcrs*  i.e.? 
slsriup  wind  speeds  between  10  snd  14  HPH?  hishly  variable  prcducticn  u-  Ic  : 
f^iPH  3nQ  generally  flat  perfcm.ance  st  speeds  srester  than  30  HPH. 

fi6;;t>  the  cor.puter  calculated  weekly  end  r.onthly  wind  pcwer  density  vsIl 
b'i  sverasiing  hourly  wind  speed  cubed  values  for  each  sur.r,ary  period  wilr,  tr.e 
S2se  Kind  of  routine  it  used  to  calculate  the  sverass  wind  s.-eeds.  The  prcce 
of  cslculating  wind  power  density  for  eech  sumnsry  period  will  be  described 
later  in  this  report. 


To  correlate  data  fron  a  n.onitcrins  site  with  data  frcr>  the  near 


t  \- , 


o.ie  he  is.;- 

c :  1  e  1. 


. r  «ct 


Nstional    liesther   Service  Station*    it  r.ust  first  be  deterr.ined  if   srr: 
e/.ists  between   the  heisht  cf  the  sner.oneter   st   the  site   an: 
one   st  the  weather   service  ststion    .   In   this  instance?    the 
nearest  station  (Havre)  is   st  6.1   u.et&rs  while   the  aneooceter    at 
ICiT.pters.  This  difference  was  adjusted  by   the  standard  r.i 
industry?    called   the   '1/7  power   law"  I 


t.-,e 


1  -  - 


.here  V 

V 


=  wind  speed  si  heishl  H 


wind  sPeeti 


refer&ncE  heiaM 


=  1/2  for  0  lo  5  MPH  winds 

=  1/5  for  5  lo  35  MFH  winds 

=  1/7  for  winds  sresler  Ihsn  35  HPHi 


inci 


In  sddilion  lo  Ihe  VBrislion  in  lower 
.ls3  in  weslher  belween  s  sile  snd  ils  nssresl  we; 
bccor-.cosIg  Ihis  effecl?  Ihe  correlslions  for  esch  Ihf'se-hou 


1  s '-  '_ 

r   service  slslion.     To 
period  were 


3ver33ed    loselher    Ic  oblsin   3  deily  correielion   f 
correlalion  fsclcrs?   weekly?   nionlhl'i  end  period  correle 


-rcri   Ihese  deil'i 


=.\zi 


on 


sses  wer 


calcuUled.  Likewise;    Ihe  ccrrelelicn   feclor   psr-cer, 
niaxintuc  snd  Hiinir.ur,  correlalion  feelers  were  select 


.ess  specvPun 
id  frof    Ihe  deiJ 


ccrrelBiion  faclors.  This  technicus  evereses  Q■^l  Ihe  ieed/les  wee-.r 
belween   Iwo  dislsnl  Iccslions. 


eve.-sss 
i'iil: 


aver 
weel 
Rudy 
5?ee 
Ihre 
fscl 
corr 
3ver 
wi?re 


Tc  cslculele  s  wind  sp-eed  correlelion   feclopj   Ihree  hours  c-f  sile  dels  we 
33ed    losslher   lo  correspond  lo   Ihe   Ihree-hourly  average  reecinss  fror,  Ihe 
her   service  slslion.   The  weelher  service  resdins  wss  eAlrepoleled  up   Ig  tr 
ard  sensor   heiEhl  of  10  n.elers.   Finelly   Ihe  sile   Ihree-hcuriy  everass 
d  U5S   divided  by   Ihs  sdJusled  weelher   service  slelicn   reedins  Ic  otlsm   e 
e-hourly   average  correlalion   velue.   Eiahl   Ihree-hcurly  everese  correieliGr 
ors  were   sverssed   lo  produce   s  daily  averess  correleliont   Daily   eve-eaa 
elalicn  feelers  were  Ihen   sveraled  by  Ihe  weeK?   r.c-nlh  end  period   Iz  pro^-uc 
sse  correlalion  faclorsi   The  i!.san»   iiiaxiDur.  and  ir.iriir.-jr,  correlalicr:   factcn 

selecled   fron.   Ihe  daily  sverasle  correlalion  fsclcrs. 


lie  found   Ihe  correlelion  faclors  belween   Ihe  Rudysi'd  dale   and  Ine  l-iavre 
weather  slslion   dais   lo  bs  invalid — Ihey  do  not  fell   inlo   Ihe  ncrral 
dislribuiicn   which  cheraclerizes  a  valid  correlalion?   alsoy    Ihe  rean   and  r.a;:ir.'j.- 
ccrrelslion  faclors  are  loo   larse   lo  be  believed* 


lie  ccnJeclure   Ihal   Ihis   lack   of  correlation  between  Rudyard  and  Havre   is 
because  the  two   towns   lie   in   different  wind  pallernsy   even   though  only  37  r.iic: 
ssfarale    then.*     Havre   lies  Jusl  beyond   the  norlhuesle,-n  corner  of  the  Eear   Pav. 
nicun tains  while  Rudyard  lies  scr^e  dislance  fror.   their   western  front.   Perr.aps 
these  tounlains  divide   the  weelher   as   it   approaches  fror   the  north  and 
northwest . 

Since  Ihere   is  no  valid  correlalion  belween   Rudyard  and  its  nearest  weatfii 
service  stslionr   we  couldn't  project  yearly  average  wind  speed  and  power  "is'--^' 
for   RuQysrd.      It  is   likely  that  s  valid  ccirelation   e.dsls  between   Psudiard  and 
scRe    olher  weather   slslion r   perhaps  Glassow  or  Greet  Falls  or   e   Canadian 
sUtion. 

This   is   the   second   localion   where  we  have  found  no  valid  correlation 
between  the  Havre  wealher  station   and  a  n.onitorins  sile.     Chinook   is   the  otr,er 
This    double  lack   of  correlalicn   is  especially  puzzlins  because  H=vre   ii^^^ 
stout  30   n.iles  each  way  on   s  slraishl   line  between  Rudyard  and  Chinook,     T 
ills  3  v:e3lher  phenorienon?   or   perhaps   the  Havre  dala   is  un-eliable   fo.^    I; 
period  in   Question. 
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HOU  TO  UNDERSTAND  TlilS  Dr^TA 


The  first  dsU  5h9et   ie   the   "tiind  S-sed  SuirirHr'^  (in   {".PH)  i.  Fere; 
Profile".      This   BUr.nsry  sheet  sives   the  wind  speed  rsccrded  b'i   the  nc-nitcr  irs 
■^yst&iTi  while   it  was  st   the  site.     The   "WKLY  A'vG  SPD"   colup.n   gives   the 
3ver£ss  wind  speed  for   each  weeK   snd  r^onth?   snd   the  wine  s.-eed  percentese 
SPectrup.   sives   the  percent  of  tir.e  durins  thsl  ueeK   the  wind  uss  bicwins  in 
3  particular   wind  speed  trscKet.   For  exen.ple*   consider   the  fcllcwins  spsctruri*. 

PERCENT  OF   UEEKLY  UIND   IN  VELOCITY   BRACKETS 
<10   <11   <12   <U  <1A  <16    aa   <20  <22  <24  <26  <23   <30   <32   <34   <3i  <35  >35 

82       63401140000000C0C 

In  this  e;;amplef  the  wind  blew  less  thsn  10  h'^H  52?:  cf  the  tine?  tetuesn  ] 
and  11  MPH  6/:  cf  the  tiK.e?  between  11  sad  12  MPH  Zl  of  the  tiDe*  between  12  an: 
13  HPH  4/C  of   the   tir.e >   etc. 

Next   is   the   "UeeKly  snd  Monthly  Aversss  Uind  Power   Density'-    sheet.   This 
sheet  contains   the  weekly   snd  tiionthly   sversss  wind  speed   in   MPH  end  wind  power 
density  in  Uatts  per  SQusre  r.eter   for   the  niDnitcrinS  period.     The  eversss 
mcnthiy  aversse  sir  pressure  and   tenipsreture  are  also   listed. 

Next   is   the   "Mean;   Hinin.ur,  and  haxiii.un  Correlatic"!   rectors  and  Frec^uency 
Percentase  Spectrum"   sur.r.sry.      It  Sives  the  coi^relation  factors  which  cor^pere 


•.  r.  q  z. 


\*  i  .  c     1 1  r  c  i   c  z  -rf     t  \  u  . 


weather  station  (Havre).  The  risiht  half  of  the  table  is  e  "Frecuercy 
Spectr'jr.  cf  Ccrrelaticn  Factors"  f  which  shows  the  percent  cf  corrsietion  factor 
thai  fall  into  each  bracKet  of  the  5PBctruni>  Correlation  factors  express  the 
wind  speed  at  the  Cionitcrins  site  as  a  percent  of  the  wind  s.-sed  at  the  NCC 
weather  station.  For  exsr;plet  if  the  site  wind  speed  is  5  -iPh  end  tne  NCC 
weather  station  wind  speed  is  10  :;.Ph^  the  ccrrelaticn  factor  for  that  instant  i 
5/10  =  .50t  i.e.f  the  site  wind  spsed  is  Z0%   cf  the  wind  st  the  NCC  station.   I 
the  wind  speeds  are  reversed^  the  correlation  fsctor  is  10/5  =  2.  If  the  wind 


I     C  i.  ^ 


1 .00  . 


A  siT.ooth  distribution  of  correlation   factors  acrosa   a   Srsctruri   indicates 
that    the   correlation   is  a  valid  one.     The  reader  will  note   that   these 
correlation  factors  fall   in   an   erratic  pattern?    indicatins  that   the  ccrreiati: 
between  Rudyard  and  Havre   is  not  a  valid  one.   That  is   to  say/    there   is  no 
reliable   basis  for   conpsrins  the  wind  at   the  SoluHi  farr.  near   Rudyard  witn  the 
wind    at  the  Havre  weather   station.   As   a  result?   we  couldn't  r.sKe   lons.-te,"r 
proJeclicns  about  wind  patterns  in   Rudyard. 

Local  residents  sre  probably  aware  of   their 
probably   have   an   understanding  of   the  causes.      l\ 
data    would  correlate  with  data   fror,   sore  other  weather   service   station?   perhs.-; 
Great  Fails?    100  n.iles  southwest?   or   Glassow?    140  r.ilea  east?   or   a  Canadian 
station   to  the  north, 
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lccaticn:    rudyard 

STARTING  llV.El      1700  HOURS 
STARTING  date:   9/10/SO 
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UEEK    ErJDIN'G     AVG   UIN'D   SPEED 
( iiPH ) 


AUG  PRESSURE 
(  HBS  ) 
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NOTE:  *  INDICATES  THAT  A  WEEKLY  AVERAGE  IS  FOR  FEliER  THAN  7  DAYS. 


flEAN.    MINIMUh   Af^D   MAXIMUri   C(jRRELATIO;i  FACTORS   AND   FREOUEfiCi    FERCENTA-^E  SPECfRLiH 

LCCATICN:      RIJDYARD  N'CC   UEATHER   STATION'  LOCATICN;    HAVRE 

PNRC  TCliER    height:      10.0  METERS 
NCC   TCUER   height:  6.1   METERS 

STARTIf,'G    time:      1700   HOURS 
STARTING   date:        9/10/SO 
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WIND  SPEED  SlJ?-,r,ARY  (IN  hPM  )  AND  PERCENTAGE  SPECTRUM 


locatign:  rubyard  touer  height:  lo  meters 

STARTING  TIIIE:      1700  HOURS 
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percentage  wind  speed  profile 
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note:  *  INDICATES  THAT  A  DAILY  AVERAGE  IS  FOR  FEUER 

THAN  24  HOURS.   THE  TOTAL  NUMBER  CF  HOURS  IS  GIVEN. 
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STARTING    date:      10/   1/SO 


DATE 


A'.'G    UIHD   SPD 


;io 


FERC£i;TAb£  UIN'C  SPEED   PROFILE 
;U  <16   <13  <20  <:2  <24  <2i  <:5  ■■■ 


1 
2 

3 
4 


11. 2' 

7      O 
/    *  i. 

6.7 

11.8 


42  4 

71  S 

92  0 

46  4 


21 
0 

Q 


S  17 

3  4 

0  0 

0  13 


0  0  0 
0  0  0 
COO 
0      17      17 


0  0 

0  0 

0  0 

0  0 


UKLY    Ai,'G=>   11.3 


1 


1 


o 

7 

S 

9 

10 

11 


8.6 

9.2 
13.9 
14.6 
17.9 

7.1 
*  6.3   2: 


13 


0        0 


UKLY    Ai,'G=>   11.2 


12 
13 
14 
15 
16 
17 
18 


7.4 

16.7 

16.4 

15.1 

6.3 

8.0 

8.9 


hr; 


63 

3 

0 

4 

0 

u 

1  1 

JL  w 

4 

0 

0 

c 

39 

4 

13 

4 

0 

u 

4 

SJ 

0 

0 

4 

1  7 

4 

17 

0 

17 

0 

s 

S 

0 

1 

21 

0 

0 

4 

0 

A 

-r 

21 

13 

17 

'J 

4 

83 

8 

T 

A 

T 

0 

0 

0 

0 

0 

0 

C 

S3 

9 

0 

9 

0 

0 

0 

0 

0 

0 

0 

51 

3 

4 

7 

9 

/ 

6 

4 

* 

T 

7 

i 

T 

67 

13 

4 

4 

3 

4 

0 

0 

0 

0 

0 

21 

8 

4 

4 

5 

3 

4 

4 

A 

3 

25 

0 

0 

4 

4 

3 

13 

4 

0 

17 

15 

4 

13 

5 

13 

13 

13 

13 

0 

3 

0 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

83 

4 

4 

3 

0 

0 

0 

0 

0 

0 

0 

50 

33 

8 

S 

0 

0 

0 

0 

c 

0 

51 


19 

7.3 

20 

6.1 

21 

3.3 

99 

21.7 

23 

5.7 

24 

5.2 

25 

7.3 

UKLY    AVG=> 

8.9 

26 

9.2 

27 

4.1 

23 

6.9 

29 

12.9 

30 

5.1 

31 

4.3 

79 

13 

4 

4 

0 

0 

0 

0 

0 

0 

0 

c 

0 

92 

0 
u 

0 

0 

0 

0 

0 

0 

\> 

0 

■J 

0 

7? 

3 

0 

0 

0 

4 

0 

4 

4 

0 

0 

c 

G 

13 

4 

3 

0 

0 

0 

3 

4 

4 

17 

13 

0 

3 

92 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

r. 

'J 

,00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

83 

0 

4 

0 

0 

0 

0 

4 

4 

4 

0 

0 

0 

7T 

5 

3 

1 

0 

1 

1 

2 

1 

3 

7 

1 

75  17  4  4 

100  0  0  0 

100  0  0  0 

33  17  0  4 

100  C  0  0 

100  0  0  C 


0 

0 

0 

0 

c 

c 

.'^ 

C 

0 

Q 

V 

0 

0 

0 

0 

0 

0 

0 

0 

0 

V 

0 

4 

13 

4 

3 

4 

0 

3 

0 

0 

0 

c 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

CCT 


9.7 


6j 


/ 


note:     *    INDICATES  THAT   A  DAILY   AVERAGE    IS   FOR  FEUER 

THAN  24  HOURS.      THE   TOTAL   NUMBER  GF   HOURS   IS   GIVEN. 


PAGE      3 

STARTING   tike:      0000   HOURS 

STARTIf,'G   date:      11/   1/30 

FERCEMTAGE  UIr,'D  SPEED   PROFILE 
DATE         AUG   UIND  SPD     <10  <11   <12  <13  <U  <16   <13  <2C  <22   <24   <26  <23  < 


aj 


13      13 


UKLY    A'JG=>     7.3 


1        1 


2 

16.9 

3 

8.5 

4 

8.8 

5 

6.2 

6 

13.4 

7 

11.6 

8 

13.6 

21 

13 

8 

S 

3 

0 

4 

4 

4 

i 

4 

3 

4 

4 

71 

13 

17 

0 

0 

0 

0 

0 

C 

0 

0 

0 

ij 

71 

0 

0 

13 

0 

0 

i 

■I- 

13 

C 

0 

V 

0 

C 

V 

83 

13 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

c 

C 

46 

4 

8 

8 

0 

3 

4 

0 

3 

0 

4 

J 

-T 

4 

V 

42 

4 

4 

8 

4 

S 

1  -' 

4 

4 

4 

0 

■J 

i 

0 

2? 

0 

8 

0 

0 

r- 
C 

4 

3 

4 

0 

4 

17 

u 

UKLY   MG=>  12.0 


9 

9.5 

53 

4 

0 

3 

13 

13 

4 

0 

•J 

0 

0 

10 

5.1 

100 

0 

0 

0 

0 

0 

Q 

0 

V 

0 

0 

'J 

c 

11 

8.7 

50 

no 

^  1 

21 

0 

0 

0 

0 

0 

C 

0 

A 

V 

0 

c 

12 

*  5.6  23  HRS 

100 

0 

0 

0 

0 

0 

0 

0 

c 

0 

0 

c 

13 

4.2 

ICO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

■■J 

c 

14 

3.8 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

15 

4.4 

96 

0 

0 

0 

0 

4 

0 

0 

0 

c 

0 

c 

UKLY    AUG=:^ 

5.9 

86 

5 

3 

1 

9 

o 

1 

0 

0 

0 

0 

V 

0 

16 

4.5 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

c 

17 

9.0 

50 

13 

1  T 

0 

13 

4 

4 

0 

0 

0 

Q 

Q 

Q. 

18 

7.5 

67 

8 

8 

0 

13 

4 

0 

0 

0 

c 

0 

c 

c 

19 

14.3 

29 

21 

4 

3 

0 

13 

4 

4 

0 

0 

4 

4 

c 

20 

8.3 

58 

4 

3 

0 

13 

17 

0 

0 

0 

0 

0 

0 

c 

21 

22.0 

0 

4 

0 

0 

4 

21 

0 

3 

13 

4 

13 

13 

1  T 

22 

14.7 

29 

4 

3 

4 

3 

13 

0 

0 

3 

13 

13 

.-x 

0 

UKLY    AUG=) 

11.6 

43 

8 

7 

2 

7 

10 

\ 

2 

3 

9 

4 

n 

9 

23 

5.3 

83 

0 

4 

4 

4 

0 

0 

0 

0 

0 

V 

A 

■J 

0 

24 

7.2 

75 

0 

4 

4 

4 

13 

0 

0 

0 

0 

c 

A 

0 

25 

11.5 

54 

0 

0 

0 

3 

3 

0 

3 

4 

3 

4 

c 

c 

26 

11.9 

25 

4 

4 

21 

8 

21 

17 

0 

0 

0 

C 

0 

■J 

27 

7.4 

67 

0 

0 

4 

0 

21 

3 

0 

0 

0 

c 

c 

23 

15.3 

21 

13 

0 

4 

13 

4 

3 

13 

2 

0 

13 

0 

4 

29 

10.5 

67 

0 

0 

3 

4 

4 

0 

0 

0 

4 

0 

i 

-T 

i 

UKLY    AUG=> 

9.9 

57 

T 

7 

6 

10 

5 

3 

o 

T 

7 

1 

1 

30 

12.3 

29 

8 

13 

8 

8 

17 

3 

4 

0 

4 

0 

A 

0 

NOV 


9.9 


4 


note:      *    INDICATES  THAT   A   DAILY   AVERAGE   13   FGR  FE'JER 

THAN  24   HOURS.      THE   TOTAL  NUMBER  GF   HOURS    IS   GIVEN'. 


PAGE      * 

STARTING   Tlr.Et      COOO   HOUFiS 

STARTING    date:      12/   1/SO 


DP,TI 


uu!D  SPD    ao  <11 


a; 


PERCENTAGE  Ulr,'D   SPEED  PRCFIL 
[    <16    UG   <2C   <22   <24   <2i   <2G 


1 

3 
4 
5 
6 


O  *  J 

9.7 
7.8 

J  .  J 

5.1 


67 


100 
96 


C 


4  S  0 

4  0  13 

0  17  a 

0  0  0 

0  0  0 


0 

13 
0 
0 


0  0 

0  0 

0  0 

0  0 


0        0 


UKLY    AVG=>     9.4 


65 


1        1 


7 
3 

O 

/ 

10 

11 

1  n 


"Z      T 

10.5 
8.1 
8.3 

20.8 
3.0 


00 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

G 

c 

CO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

53 

C 

0 

4 

4 

4 

13 

0 

4 

4 

3 

0 

0 

71 

0 

3 

0 

0 

13 

3 

0 

0 

0 

0 

0 

c 

63 

0 

21 

T 

4 

0 

c 

0 

0 

M 

0 

0 

0 

0 

4 

0 

0 

13 

13 

13 

13 

25 

s 

4 

S3 

0 

0 

0 

0 

0 

0 

4 

3 

0 

V 

UKLY    AvG=>     9.0 


63 


1        1 


14 

1  r: 
J.  ^ 

16 
17 
13 
19 


4.1 
*10.5  13  HRS 
m  DATA 
no  DATA 
NO  DATA 
NO  DATA 
NO   DATA 


100 
46 


UKLY   MQ-- 


7.3 


81 


DEC 


3.7 


1 


note:     *    INDICATES  THAT   A  DAILY   AVERAGE   IS   FOR  FE'JER 

THAN  24   HOURS.      THE  TOTAL   NUf^,BER  OF   HOURS    IS   GIVEN. 


?1 


% 


I 


20  copies  of  this  public  document  were  published  at  an  estimated  cost  of  $17.00  per  copy, 
for  a  total  cost  of  $340.00,  which  includes  $340.00  for  printing  and  $.00  for  distribution. 


